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(57) Abstract 

The invention concerns a. biological material for preparing pharmaceutical compositions for treating mammals, comprising: either a 
nucleic acid sequence containinjg at least a gene of therapeutic interest and elements expressing said gene in vivo in target cells genetically 
modified by one said nucleic sequence; or at least a target cell not producing antibodies naturally, genetically modified in vitro by at least 
one said nucleic acid sequence. The invention is characterised in that said gene of therapeutic interest codes for all or part of an antibody 
expressed at the surface of said target cell and said antibody is capable of fixing itself to a polypeptide present at the surface of a cytotoxic 
effector cell or a T lymphocyte helper and involved in the process activating such a cell. 

(57) Abreg^ 

Materiel biologique pour la pnfparation de compositions pharmaceutiqucs destinees au traitement de mammiferes comprenant soit 
au moins une sequence d'acide nucldique contenant au moins un gene d'interet therapeutique et des elements assurant Texpression dudit 
g6ne in vivo dans des cellules cibles g6n6tiquement modifiees par une dite sequence d'acide nucldique; soit au moins une cellule cible 
ne produisant pas naturellement des anticorps. genaiquement modifiee in vitro par au moins une sequence d'acide nucl6ique preeddente. 
caractfnse* en ce que ledit gene d'interet thdrapeutique code pour tout ou partie d'un antfeorps exprime" a la surface de ladite cellule cible et 
en ce que ledit anticorps est capable de se fixer a un polypeptide present a la surface d'une cellule effectrice cytotoxique ou d'un lymphocyte 
T helper et impliqud dans le proc6d6 deactivation d'une telle cellule. 
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1 

Materiel biologique pour la preparation de compositions 
pharmaceutiques destinees au traitement de mammi feres 

La presente invention concerne le domaine de la therapie 
5 genique appliquee a 1* iramuno therapie specif ique, plus 
particulierement dans le cadre de traitements de maladies dont 
1' agent responsable est un organisme pathogene, tel que 
notamment un agent bacterien, parasitaire ou viral, ou dans le 
cadre du traitement du cancer. Plus particulierement, 

10 1' invention concerne le transfert dans des cellules tuiuorales 
ou infectees par un agent pathogene, de sequences d'acide 
nucleique codant pour tout ou partie d'anticorps de sorte que 
les cellules genet iquement modifiees par ces sequences d'acide 
nucleique expriment a leur surface lesdits anticorps, et plus 

15 particulierement des anticorps capables de se fixer a un 
polypeptide present a la surface d'une cellule effectrice 
cytotoxique ou d'un lymphocyte T helper et implique dans le 
procede d' activation d'une telle cellule. 

Depuis longtemps, la therapie genique a ete proposee pour 
20 corriger les desordres observes dans le cadre des maladies 
genetiques. Ces maladies s'expliquent en particulier par un 
disf onctionnement de 1' expression de genes specif iques ou par 
1' expression de polypeptides mutes non fonctionnels dans au 
moins un type cellulaire. La therapie genique consiste dans ce 

25 cas a transferer dans des cellules cibles sp^cifiques extraites 
puis reintroduites dans le corps humain, ou directement dans les 
organes affect^s, 1 ' information gen^tique capable de corriger 
le d6faut observe. II pourra s'agir par exemple du gene codant 
pour la prot£ine CFTR dans le cas de la mucoviscidose ou du gene 

30 codant pour la dystrophine dans le cas de la myopathie de 
Duchenne. Dans le cadre de cette approche, 1 ' information 
genetique est introduite soit in vitro dans une cellule extraite 
de l'organe, la cellule modifiee £tant ensuite reintroduite dans 
l'organisme (procede ex vivo), soit directement In vivo dans le 

35 tissu approprie. De nombreuses publications decrivent la raise 
en oeuvre de protocoles de therapie genique afin d'obtenir dans 
les cellules cibles l'expression d'une proline presentant un 
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interet therapeut ique par introduction de 1 ' information 
genetique correspondante . 

Toutefois, 1' interet de ce type de therapie ne se borne 
pas au traitement des affections purement genetiques et peut 
egalement permettre 1' elimination de tumeurs, ou d' agents 
pathogenes, tels que les agents bacteriens ou viraux, ou de 
cellules infectees par de tels agents pathogenes, ou a defaut 
de retarder leur progression- 
La reponse immune dirig4e contre un antigene specif ique 
peut etre divisee en deux categories distinctes, l'une mettant 
en jeu les anticorps (reponse immune de type humoral), 1' autre 
les cellules effectrices cytotoxiques telles que par exemple les 
macrophages, les lymphocytes cytotoxiques (CTL) ou les cellules 
tueuses (NK) ainsi que les lymphocytes T helper, notamment les 
15 LTCD4 (reponse immune de type cellulaire) , Plus 
particulierement , les deux types de reponses se distinguent en 
ce que les anticorps reconnaissent les antigenes sous leur 
forme tridimensionnelle alors que les lymphocytes T, par 
exemple, reconnaissent des portions peptidiques desdits 
20 antigenes, associes a des glycoproteines codees par les genes 
du complexe majeur d' histocompatibilite (ou CMH) , notamment les 
genes du complexe majeur d' histocompatibilite de type I qui sont 
exprimes de facon ubiquitaire a la surface des cellules ou les 
genes du complexe majeur d' histocompatibilite de type II qui 
25 sont exprimes de facon specifique a la surface des cellules 
impliquees dans la presentation des antigenes (APC) . 

Selon un premier aspect, la reponse immune de type 
cellulaire est caracterisee en ce que les cellules T de type 
CD4 + (cellules T «helper») , suite a un phenomene d'activation 

30 bien connu (pour une revue voir Alberola-Ila, 1997, Annu. Rev. 
Immunol., 15, 125-154) produisent des cytokines qui a leur tour 
induisent la proliferation de cellules APC capables de produire 
lesdites cytokines ; la di f f erencia t ion cellulaire des 
lymphocytes B capables de produire des anticorps specifiques ; 

35 et la stimulation des lymphocytes T cytotoxiques (CTL) . Selon 
un second aspect de la reponse immune cellulaire, les cellules 
effectrices cytotoxiques telles que par exemple les lymphocytes 
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de type CD8+ (CTL) sont actives a) apres interaction avec des 
peptides antigeniques fixes sur et presentes par les 
glycoproteines portees par les cellules ubiquitaires et codees 
par les genes appartenant au systeme CMH I, et b) eventuellement 
5 par les cytokines produites par les CD4+ . Les CTL ainsi actives 
sont alors capables de detruire les cellules exprimant ledit 
peptide antigenique . 

Dans le cas particulier des cancers, Hellstrom et al . , 
(1969, Adv. Cancer Res. 12, 167-223) ont montre que la defense 

10 de l'organisme a l'egard des tumeurs repose tout 
particulierement sur la reponse immuni taire mettant en jeu les 
lymphocytes T, notamment les lymphocytes T cytotoxiques. 
Toutefois, de nombreux travaux ont montre que la plupart de ces 
effecteurs inununitaires, specifiques ou non, sont inefficaces 

15 pour permettre 1 ' elimination ou 1' arret de progression d'une 
tumeur. C est la raison pour laquelle il est souhaitable de 
disposer d' une methode de stimulation de la reponse immune 
dirigee contre les tumeurs, et - plus particulierement de la 
reponse faisant intervenir les lymphocytes cytotoxiques CTL, 

20 afin de disposer de methodes de prevention ou de traitement des 
etats cancereux plus efficaces. De maniere identique, il a ete 
montre que le systeme immunitaire est souvent inefficace dans 
le cas d' infections, virales notamment, voir par exemple le cas 
des infections dues au VIH (Virus de 1' Immunodef icience 

25 Humaine) . 

Selon une premiere alternative, il a ete propose 
d' adapter les procedes de therapie genique deja bien connus et 
de transferer dans les cellules cibles, plus particulierement 
les cellules cancereuses, des genes immunostimulateurs 

30 (immunotherapie) susceptibles d' induire ou d'activer une reponse 
immune a mediation cellulaire a l'egard de la tumeur, de genes 
codant pour les cytokines (Colombo et al . , 1994, Immunology 
Today, 15, 48-51) , de genes cytotoxiques conferant une toxicite 
aux cellules les exprimant, par exemple le gene tk du virus 

35 Herpes Simplex de type 1 (HSV-1), ou d' ant i -oncogenes , tels que 
par exemple le gene associe au re t i noblastome ou p53, ou de 
polynucleotides capables d' inhiber l'activite d'un oncogene, 
tels que par exemple les molecules antisens ou les ribozymes 
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capables de degrader les ARN messagers specifiques des 
oncogenes. Cependant, dans la majorite des cas, les cellules 
ainsi modifiees manquent de specificite vis-a-vis de la tumeur 
et ne permettent pas une approche therapeutique satisf aisante . 

5 Une autre approche a egalement ete proposee alliant les 

avantages de la therapie genique et la raise en oeuvre 
d'anticorps specifiques. Au cours des dernieres annees de 
nombreux antigenes tumoraux ont ete caracterises qui ont plus 
particulierement permis 1' identification d'anticorps, notamment 

10 d'anticorps monoclonaux specifiques de ces antigenes. Par 
ailleurs, la production in vitro d'anticorps, de fragments 
d'anticorps ou de derives d'anticorps tels que les anticorps 
chimeres, par genie genetique, dans des cellules eucaryotes a 
ete decrite (EP 120 694 ou EP 125 023) . Ainsi, de nombreuses 

15 strategies therapeutiques ont ete proposees, par exemple pour 
le traitement ou la prevention de lymphomes B (Yefenof et al . , 
1993, Current Opinion in Immunology, 5 , 740-744), reposant sur 
1' administration au patient d'anticorps therapeutiques ciblant 
des antigenes tumoraux afin de neutraliser 1' agent causal de la 

20 maladie. Malheureusement , ces anticorps bien que tres utiles 
pour la detection et le diagnostic des cancers se sont reveles 
non satisf aisants d' un point de vue therapeutique car ils 
conduisent, par exemple, a des reactions immunes limitees, 
dirigees uniquement a l'encontre d' epitopes immunodominants ou 

25 contre des antigenes presentant une grande variability. 

La demande de brevet internationale (WO 94/29446) decrit 
1' expression intracellulaire de sequences d'ADN codant pour des 
anticorps. Cette approche permet d'envisager une therapie 
genique reposant sur le ciblage de composants cellulaires non 
30 accessibles par les methodes de vaccination et se caracterise 
en ce que 1' approche decrite n' implique pas le developpement 
d'une reponse immunitaire, agit intracellulairement et par 
consequent ne permet pas le traitement efficace de turaeurs. 

La demande de brevet internationale (WO 98/31808) 
35 concerne au contraire 1' expression in vivo de genes codant pour 
des anticorps ou des fragments d'anticorps par des cellules 
capables de secreter lesdits anticorps dans la circulation 
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sanguine du mammifere porteur des cellules gene tiquement 
modifiees par le gene codant pour 1 ' anticorps - L' avantage de 
cette invention repose sur la possibility de maintenir sur le 
long terme un niveau basal d' anticorps dans le patient traite. 

5 Nous avons maintenant montre qu' il est possible de 

rediriger la reponse iraxnunitaire cellulaire en exprimant a la 
surface de cellules cibles, notamment tumorales ou infectees par 
un agent pathogene, tout ou partie d'un anticorps capable de se 
fixer a un polypeptide present a la surface de cellules 

10 effectriees cytotoxiques ou de lymphocytes T helper. Plus 
particulierement , nous avons montre que selon la presente 
invention, ces cellules cibles genetiquement modifiees 
permettent de diriger 1' activation des cellules effectriees 
cytotoxiques ou de lymphocytes T helper, d'augmenter 1'effet 

15 -cytotoxique de ces cellules, notamment activees, a l'egard des 
cellules cibles, de dynamiser la reponse immune a mediation 
cellulaire se produisant naturellement a l'egard des cellules 
tumorales ou infectees, genetiquement modifiees ou non . Ceci 
peut ainsi se traduire par la lyse et 1 ' elimination desdites 

20 cellules cibles, des cellules voisines et a terme par 
1' elimination de la tumeur ou de 1' infection. 

La presente invention concerne en premier lieu un 
materiel biologique pour la preparation de compositions 
pharmaceutiques destinees au traitement de mammiferes 
25 comprenant : 

soit au moins une sequence d' acide nucleique 
contenant au moins un gene d' interet therapeutique et des 
elements assurant 1' expression dudit gene in vivo dans des 
cellules cibles destinees a etre genetiquement modifiees par 
30 ladite sequence d' acide nucleique ; 

- soit au moins une cellule de mammifere ne produisant 
pas naturellement des anticorps et genetiquement modifiee in 
vitro par au moins une sequence d' acide nucleique precedente, 

caracterise en ce que ledit gene d' interet therapeutique 
35 code pour tout ou partie d'un anticorps qui sera exprime a la 
surface de ladite cellule de mammifere et en ce que ledit 
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anticorps est capable de se fixer a un polypeptide present a la 
surface d'une cellule effectrice cytotoxique ou d' un lymphocyte 
T helper, et implique dans le procede d' activation d'une telle 
cellule . 

5 Par «sequence d'acide nucleique», on entend designer un 

fragment d'ADN et/ou d'ARN, double brin ou simple brin, lineaire 
ou circulaire, naturel isole ou de synthese, designant un 
enchainement precis de nucleotides, modifies ou non, permettant 
de definir un fragment ou une region d'un acide nucleique sans 
10 limitation de taille. Selon un mode de realisation prefere, il 
s'agit d'un acide nucleique choisi parmi le groupe consistant 
en un cADN ; un ADN genomique ; un ADN plasmidique ; un ARN 
messager . 

Selon 1' invention, ladite «sequence d'acide nucleique» 

15 comprend au moins un «gene d' interet therapeutique» et des 
elements d' expression dudit gene d' interet. Un tel «gene 
d' interet therapeutique» code notamment pour tout ou partie d'un 
anticorps transmembranaire natif, ou pour un derive d'un tel 
anticorps, pour autant que ledit anticorps, fragment ou derive 

20 d' anticorps soit exprime a la surface de la cellule cible de 
mammifere genetiquement modifiee et en ce que ledit anticorps 
est capable de se fixer a un polypeptide present a la surface 
d'une cellule effectrice cytotoxique ou d'un lymphocyte T helper 
et implique dans le procede d' activation d'une telle cellule . 

25 Plus particulierement, par «fragment» d' anticorps on entend 
designer les fragments F(ab) 2 , Fab', Fab, sFv (Blazar et al . , 
1997, Journal of Immnunology, 159, 5821-5833 ; Bird et al . , 
1988, Science, 242, 423-426) d'un anticorps natif et par 
«derive» par exemple un derive chimerique d'un tel anticorps 

30 (voir par exemple les chimeres les anticoprs anti CD3 
Souris/Homme dans Arakawa et al., 1996, J. Biochenu , 120, 657- 
662 ou les immunotoxines telles que sFV-toxine de Chaudary et 
al., 1989, Nature 339, 394-397). Par «anticorps trans- 

membranaire» on entend designer un anticorps dont au moins la 

35 region f onctionnel le capable de reconnaitre et de se fixer a son 
antigene specifique est exprimee a la surface des cellules 
cibles pour permettre lesdites reconnaissance et fixation. Plus 
particul ierement , les anticorps selon la presente invention 
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consistent en des polypeptides de fusion comprenant les amino 
acides definissant ladite region f onctionnelle et une sequence 
d' amino acides (polypeptide transmembranaire) permettant 
l'ancrage au sein de la double couche lipidique raembranaire de 

5 la cellule cible ou a la surface externe de cette bi-couche. Les 
sequences nucleiques codant pour de nombreux polypeptides 
transmembranaires sont decrites dans la litterature. Selon un 
cas prefere de 1' invention, ledit polypeptide transmembranaire 
est selectionne parmi le groupe corisistant en une glycoproteine, 
10 une lipoproteine, en un recepteur tel que tout ou partie des 
complexes evoques plus loin dans la demande (CD4 f Fc, gpl60 du 
VIH par exemple) , et plus particulierement parmi le groupe 
consistant en la glycoproteine du virus de la rage (demande de 
brevet francais n° FR 97 09152), le CD4 (Wei j tens et al . , 1998, 

15 Gene Therapy, 5, 1195-1203), la gpl60, le Fc. Selon un cas tout 
a fait avantageux, la sequence d' acide nucleique codant pour la 
chalne lourde de l'anticorps sera fusionnee avec la sequence 
d' acide nucleique codant pour undit polypeptide 
transmembranaire . 

20 Par «elements assurant 1' expression dudit gene in vivo», 

on entend designer les elements necessaires afin d' assurer 
l r expression dudit gene apres son transfert dans une cellule 
cible. II s'agit notamment des sequences promotrices et/ou des 
sequences de regulation efficaces dans ladite cellule, et 
25 eventuellement les sequences requises pour permettre 
1' expression a la surface des cellules cibles dudit polypeptide. 
Le promoteur utilise peut etre un promoteur viral, ubiquitaire 
ou specif ique de tissu ou encore un promoteur synthetique. A 
titre d' exemple, on mentionnera les promoteurs tels que les 
30 promoteurs des virus RSV (Rous Sarcoma Virus), MPSV, SV40 
(Simian Virus), CMV (Cytomegalovirus) ou du virus de la vaccine, 
les promoteurs du gene codant pour la creatine kinase 
musculaire, pour l'actine, pour le surfactant pulmonaire. II est 
en outre possible de choisir une sequence promotrice specifique 
35 d'un type cellulaire donne, ou activable dans des conditions 
definies. La litterature procure un grand nombre d' informations 
relatives a de telles sequences promotrices. Par ailleurs, ledit 
acide nucleique peut comprendre au moins deux sequences, 
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identiques ou differentes, presentant une activite de promoteur 
transcr iptionnel et/ou au moins deux genes, identiques ou 
differents, situes run par rapport a 1' autre, de maniere 
contigue, eloignee, dans le meme sens ou en sens inverse, pour 
5 autant que la fonction de promoteur transcriptionnel ou la 
transcription desdits genes ne soit pas affectee. De meme, dans 
ce type de construction d'acide nucleique, il est possible 
d' introduire des sequences nucleiques «neutres» ou introns qui 
ne nuisent pas la transcription et sont epissees avant l'etape 

10 de traduction. De telles sequences et leurs utilisations sont 
decrites dans la litterature (WO 94/29471) . Ledit acide 
nucleique pourra egalement renfermer des sequences requises pour 
le transport intracellulaire, pour la replication et/ou pour 
1' integration, pour la transcription ou la traduction. De telles 

15 sequences sont bien connues de l'homme de l'art. Par ailleurs, 
les acides nucleiques utilisables selon la presente invention 
peuvent egalement etre des acides nucleiques modifies de sorte 
qu' il ne leur est pas possible de s' integrer dans le genome de 
la cellule cible ou des acides nucleiques stabilises a l'aide 

20 d' agents, tels que par exemple la spermine, qui en tant que tels 
n'ont pas d'effet sur l'efficacite de la transf ection . 

Selon un premier mode de realisation de 1' invention, la 
sequence d'acide nucleique est une sequence d'ADN ou ARN nue , 
c'est a dire libre de tout compose facilitant son introduction 

25 dans les cellules (transfert de sequence d'acide nucleique). 
Toutefois, afin de favoriser son introduction dans les cellules 
cibles afin d'obtenir les cellules genetiquement modifiees de 
1' invention, cette sequence d'acide nucleique peut etre sous la 
forme d' un vecteur, et plus particulierement sous la forme d' un 

30 vecteur viral tel que par exemple un vecteur adenoviral, 
retroviral, un vecteur derive d'un poxvirus, notamraent derive 
du virus de la vaccine ou du Modifed Virus Ankara (MVA) ou d'un 
vecteur non-viral tel que par exemple un vecteur consistant en 
au moins une dite sequence d'acide nucleique complexee ou 

35 conjuguee a au moins une molecule ou substance porteuse 
selectionnee parmi le groupe consistant en un amphiphile 
cationique, notamment un lipide cationique, un polymere 
cationique ou neutre, un compose polaire protique notamment 
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choisi parmi le propylene glycol, le polyethylene glycol, le 
glycerol, 1'ethanol, la 1-methyl L -2 -pyrrolidone ou leurs 
derives, et un compose polaire aprotique notamment choisi parmi 
le dimethylsulf oxide (DMSO) , le diethylsulf oxide , le di-n- 
5 propylsulf oxide, le dimethylsulf one , le sulfolane, la 
dim£thylf ormamide, le dimethylacetamide, la te tramethyluree , 
l'acetonitrile ou leurs derives. 

Par ailleurs, de tels vecteurs peuvent en outre 
comprendre des Elements de ciblage pouvant permettre de diriger 
10 le transfert de sequence d'acide nucleique vers certains types 
cellulaires ou certains tissus particuliers (cellules tumorales, 
cellules de 1' epithelium pulmonaire, cellule hematopoietique, 
cellule musculaire, cellule nerveuse.. .) . lis peuvent egalement 
permettre de diriger le transfert d' une substance active vers 
15 certains compartiments intracellulaires preferes tels que le 
noyau et les mitochondries , par exemple. II peut en outre s'agir 
d' elements facilitant la penetration a 1' interieur de la cellule 
ou la lyse des endosomes . De tels elements de ciblage sont 
largement decrits dans la litterature. II peut par exemple 
20 s'agir de tout ou partie de lectines, de peptides, notamment le 
peptide JTS-1 (voir demande de brevet WO 94/40958), 
d' oligonucleotides , de lipides, d' hormones, de vitamines, 
d'antigenes, d'anticorps, de ligands specif iques de recepteurs 
membranaires, de ligands susceptibles de reagir avec un anti- 
25 ligand, de peptides f usogeniques , de peptides de localisation 
nucleaire, ou d'une combinaison de tels composes. En 
particulier, il peut s'agir de residus galactosyl permettant de 
cibler le recepteur des asialoglycoproteines a la surface des 
cellules hepatiques, de ligands pouvant interagir avec des 
30 recepteurs tels que des recepteurs de facteurs de croissance, 
des recepteur de cytokines, de lectines, de proteines 
d' adhesion, il peut egalement s'agir d' un fragment d'anticorps 
tel que le fragment Fab, d' un peptide fusogenique INF- 7 derive 
de la sous unite HA-2 de 1 ' hemagglutinine du virus influenza 
35 (Plank et al . , 1994, J . Biol. Chem, 269, 12918-12924), d'un 
signal de localisation nucleaire derive de l'antigene T du virus 
SV40 ou de la proteine EBNA-1 du virus Epstein Barr. 
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Selon 1' invention, l'anticorps exprime a la surface cles 
cellules cibles est capable de se fixer a un polypeptide present 
a la surface d'une cellule effectrice cytotoxique ou d' un 
lymphocyte T helper, notamment un lymphocyte T helper CD4, et 
5 implique dans le procede d' activation d'une telle cellule, et 
plus particulierement a un recepteur directement implique dans 
un tel procede. Comme cela est deer it precedemment , ce phenomene 
d' activation des cellules effectrices cytotoxiques ou de 
lymphocytes T helper est un element determinant de la reaction 

10 immunitaire £ mediation cellulaire. Toutefois, il convient.de 
remarquer que dans le cadre de la mise en oeuvre de la presente 
invention, il n'est pas indispensable que le procede 
d' activation ait lieu apres la fixation par l'anticorps exprime 
selon 1' invention a la surface des cellules cibles. En effet, 

15 conformement a 1' invention, cet anticorps peut egalement se lier 
aux peptides tels que definis mais presents sur des cellules 
effectrices cytotoxiques ou de lymphocytes helper deja actives. 
Par «cellules effectrices cytotoxiques» on entend designer les 
macrophages, les lymphocytes T cytotoxiques (TCL) et les 

20 cellules tueuses (NK) , ainsi que leurs cellules derivees telles 
que par exemple les LAK, ( 2 Versteeg, 1992, Immunology Today, 13, 
244-247 ; Brittende et al . , 1996, Cancer 77, 1226-1243 ; Poplack 
et al., 1976, Blood 48, 809-816). Par «lymphocytes T helper», 
on entend designer notamment les CD4 qui permettent apres 

25 activation la secretion de facteurs d' activation des cellules 
effectrices de la reponse immune (voir plus avant) . Les 
polypeptides, et notamment les recepteurs, exprimes a la surface 
de ces cellules et qui sont impliques dans 1' activation de 
telles cellules consistent notamment en tout ou partie du 

30 complexe TCR, plus particulierement le TCR-a, le TCR-p ou le 
CD3, tout ou partie des complexes CD8, CD4, CD28, LFA-1, 4-1BB 
(Melero et al . , 1998, Eur. J. Immunol., 28, 1116-1121), CD47, 
CD2, CD1, CD9, CD45, CD30, CD40, tout ou partie des recepteurs 
de cytokines (Finke et al . , 1998, Gene Therapy, 5, 31-39), 

35 telles que IL-7, IL-4, IL-2, IL-15 ou GM-CSF, tout ou partie du 
complexe recepteur des cellules NK tel que par exemple Val4NKT 
(Kawano et al., 1998, Immunology, 95, 5690-5693), NKAR, Nkp46 
(Pessino et al . , 1998, J. Exp. Med., 188, 953-960), Nkp44, tout 
ou partie des recepteurs de macrophages tels que par exemple le 
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recepteur Fc (Deo et al . , 1997, Immunology Today, 18, 127-135). 
Selon un mode de realisation particulier, il est egalement 
possible d'envisager de modifier genetiquement , notamment In 
vivo, les cellules effectrices cytotoxiques ou les lymphocytes 
5 T helper de fagon a ce qu' elles expriment a leur surface un 
polypeptide, naturellement non exprime par ces cellules, et 
capable d' induire le procede d' activation de telles cellules, 
par 1' introduction dans ces cellules de sequences d'acide 
nucleique renfermant le gene codant pour un tel polypeptide . 

10 Conformement a la presente invention, il est alors possible de 
selectionner une sequence d'acide nucleique contenant un gene 
d' interet therapeutique codant pour tout ou partie d' un 
anticorps susceptible d'etre exprime a la surface des cellules 
cibles du patient a traiter, ledit anticorps etant capable de 

15 se fixer a un tel polypeptide naturellement non exprime par ces 
cellules effectrices cytotoxiques ou lymphocytes T helper. 

Plus particulierement , la presente invention repose sur 
la possibility de doner les genes codant pour tout ou partie 
d'un anticorps et d'exprimer ledit anticorps dans des cellules 

20 apres transfert desdits genes dans lesdites cellules a partir 
des vecteurs tels que decrits precedemment . La litterature 
propose un grand nombre d'exemples de genes codant pour des 
anticorps capables de reagir avec de tels polypeptides ou 
recepteurs . II est a la portee de l'homme de l'art d'obtenir les 

25 sequences d' acides nucleiques codant pour de tels anticorps. 
Citons pour exemple les genes codant pour les chaines legere 
et lourde de 1' anticorps YTH 12.5 (anti CD3) (Routledge et al . , 
1991, Eur. J. Immuno. 21, 2717-2725), de l'anti CD3 selon 
Arakawa et al . , 1996, J. Biochem., 120, 657-662). Les sequences 

30 d'acide nucleique de tels anticorps sont aisement identif iables 
a partir des bases de donnees communement utilisees par l'homme 
du metier. 

II est egalement possible, a partir d' hybridomes 
disponibles aupres de 1 ' ATCC et qui secretent des anticorps 
35 specifiques de polypeptides presents a la surface de cellules 
effectrices cytotoxiques ou de lymphocytes T helper et impliques 
dans le procede d' activation de telles cellules (par exemple un 
hybridome excretant des immunoglogulines Gy2b+K dirigees contre 



WO 00/24896 



12 



PCT/FR99/02551 



les recepteurs du TCR) , de cloner les sequences d' acides 
nucleiques codant pour les chaines lourdes et/ou legeres de ces 
differents anticorps par les methodes d' amplification telles que 
la RT-PCR a l'aide d' oligonucleotides specif iques ou les 
5 techniques mettant en oeuvre des banques de cADN (Maniatis et 
al . , 1982 , Molecular cloning. A laboratory manual- C.S.H. 
Laboratory, Cold Spring Harbor, New York) . Les sequences ainsi 
donees sont alors disponibles pour leur clonage dans des 
vecteurs. Selon un cas prefere de 1' invention, la sequence 

10 d'acide nucleique codant pour la chaine lourde de 1' anticorps 
est fusionnee par recombinaison homologue avec la sequence 
d'acide nucleique codant pour un polypeptide transmembranaire 
tel que la glycoproteine rabique (ces techniques de biologie 
moleculaires sont parf ai tement decrites dans la demande de 

15 brevet francais n° FR 97 09152) ou la gpl60 (Polydefkis et al . , 
1990, J. Exp. Med., 171, 875-887). 

Parmi les cellules cibles de mammifere que 1' invention se 
propose d'eliminer ou de limiter dans leur progression, on peut 
citer plus specif iquement les cellules tumorales, les cellules 

20 infectees par un agent pathogene viral ou les cellules infectees 
par un agent pathogene bacterien. Selon 1' invention, 
1' expression a la surface de ces cellules de tout ou partie d' un 
anticorps capable de se fixer a un polypeptide present a la 
surface d'une cellule effectrice cytotoxique ou d'un lymphocyte 

25 T helper et implique dans le procede d' activation d'une telle 
cellule, permet de diriger la reponse immune cytotoxique vers 
une cible donnee, et plus particulierement de diriger cette 
reponse au niveau d'une tumeur ou d'un foyer infectieux. 

A titre d'»agent pathogene viral» on peut par exemple 
30 citer le virus VIH, EBV, CMV, le virus de 1' hepatite et les 
papillomasvirus . Par «agent pathogene parasitaire», on peut par 
exemple citer Leishmania lesmaniae et Plasmodium falciparum. 

Selon un mode de realisation particulier, 1' invention 
concerne un materiel biologique constitue par au moins une 
35 cellule cible, telle que notamment une cellule tumorale ou une 
cellule infectee par un agent pathogene viral, ne produisant pas 
naturellement des anticorps, sous une forme permettant leur 
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administration dans l'organisme d' un mammifere, humain ou 
animal, ainsi qu' eventuel lement leur culture prealable, ladite 
cellule etant genetiquement modifiee in vitro par au moins une 
sequence d' acide nucleique contenant au moins un gene codant 
5 pour tout ou partie d'un anticorps exprime a la surface de 
ladite cellule cible , et ledit anticorps etant capable de se 
fixer a un polypeptide present a la surface d'une cellule 
effectrice cytotoxique ou d'un lymphocyte T helper tel que ceux 
precedemment decrits. Plus particulierement, ladite cellule 
10 cible provient soit du mammifere a traiter, soit d'un autre 
mammifere que celui a traiter. Dans ce dernier cas, il convient 
de noter que ladite cellule cible aura subi un traitement la 
rendant compatible avec le mammifere a traiter. Selon un cas 
prefere, par «mammifere» on entend designer un mammifere humain. 

15 Un tel materiel biologique, lorsqu'il est administre a un 

patient, et plus particulierement administre par voie 
intratumorale, est capable d'induire chez celui-ci une reponse 
immunitaire a mediation cellulaire pouvant conduire a la 
production de cytokines et a l'effet cytotoxique des cellules 

20 effectrices qui se traduisent non seulement par 1 ' elimination 
des cellules administrees mais egalement a 1 ' elimination des 
cellules voisines presentant les antigenes, notamment tumoraux, 
susceptibles d'etre reconnus par lesdites cellules effectrices 
cytotoxiques activees . 

25 L' invention concerne par ailleurs 1 ' utilisation d'un 

materiel biologique tel que decrit ci-dessus pour la preparation 
d'une composition pharmaceutique destinee au traitement ou a la 
prevention de cancers ou d' infections virales. Plus 
particulierement, 1' invention porte sur 1' utilisation d'une 

30 sequence d' acide nucleique contenant au moins un gene d' interet 
therapeutique et des elements assurant 1' expression dudit gene 
in vivo dans des cellules cibles genetiquement modifiees par une 
dite sequence d'acide nucleique, ledit gene d' interet 
therapeutique codant pour tout ou partie d'un anticorps exprime 

35 a la surface de ladite cellule cible et capable de se fixer a 
un polypeptide present a la surface d'une cellule effectrice 
cytotoxique ou d'un lymphocyte T helper et implique dans le 
procede d' activation d'une telle cellule, pour la preparation 
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de compositions pharmaceutiques destinees a traiter un mammifere 
par transfert de gene. 

Pour la mise en oeuvre du traitement du mammifere 
mentionne dans la presente invention, il est possible de 
5 disposer de compositions pharmaceutiques comprenant un materiel 
biologique tel que precedemment decrit, avantageusement associe 
avec un vehicule pharmaceutiquement acceptable pour 
1' administration a l'homme ou a 1' animal. 1/ utilisation de tels 
supports est decrite dans la litterature. Ce vehicule 

10 pharmaceutiquement acceptable est pref erentiellement isotonique, 
hypotonique ou presente une faible hypertonicite et a une force 
ionique relativement basse, tel que par exemple une solution de 
sucrose. Par ailleurs, ladite composition peut contenir des 
solvants, des vehicules aqueux ou partiellement aqueux tels que 

15 de l'eau sterile, libre d' agent pyrogene et des milieux de 
dispersion par exemple. Le pH de ces compositions 

pharmaceutiques est convenablement a juste et tamponne selon les 
techniques conventionnelles . 

Selon une variante, 1* invention concerne une composition 

20 pharmaceutique comprenant notamment un materiel biologique comrae 
decrit et un compose proteique naturellement responsable de ou 
implique dans 1' activation des cellules effectrices cytotoxiques 
ou de lymphocytes T helper. Plus particulierement, un tel 
compose consistera en une cytokine (The cytokine Handbook, 2eme 

25 Ed,, Ed. A. W. Thomson, Ac. Press, Harcourt Brace ^Company) , une 
chemokine (Rollins et al, 1997, Blood, 90, 909-928 ; Devalaraja 
et al, 1999, TIPS, 20, 151-156) ou tout autre compose permettant 
la co-stimulation des cellules effectrices cytotoxiques (par 
exemple tout ou partie d' un anticorps anti-CD28 ; Stefan et al, 

30 1997, Cancer research, 59(8), 1961-1967). De fagon preferee, 
ledit compose sera l'IL2. Dans une variante de mise en oeuvre, 
le materiel biologique selon la presente invention pourra 
comporter, en outre, une sequence d'ADN assurant 1 'expression 
d'un compose implique dans l'activation des cellules effectrices 

35 cytotoxiques ou de lymphocytes T helper. Dans ce cas, cette 
sequence peut etre contenue dans la sequence d' acide nucleique 
precedemment decrite ou contenue dans une sequence d' acide 
nucleique independante de celle contenant ledit gene d' interet 
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therapeutique (WO 95/09241) . 

Selon une premiere possibility le medicament peut etre 
administre directement in vivo ou par une approche ex vivo qui 
consiste a prelever des cellules cibles au mammifere a traiter, 
5 a les transfecter in vitro selon 1' invention et a les 
readministrer audit mammifere. 

Le materiel biologique selon 1' invention peut etre 
administre in vivo notamment sous forme injectable, notamment 
par voie intra tumorale . On peut egalement envisager une 
10 injection par voie intratracheal, intranasale, epidermique, 
intraveineuse, intra-arterielle , intramusculaire, intrapleurale , 
intracerebral par seringue ou tout autre moyen equivalent. 
Selon un autre mode de realisation, on peut utiliser des 
systemes adaptes au traitement des voies aeriennes ou des 
15 muqueuses tels que 1' inhalation, 1 ' instillation, ou 
l'aerosolisation, par voie topique, par administration orale ou 
tout autre moyen parfaitement connu de 1'homme de 1'art et 
applicable a la presente invention. 1/ administration peut avoir 
lieu en dose unique ou repetee, une ou plusieurs fois apres un 
20 certain delai d' intervalle . La voie d' administration et le 
dosage les mieux appropries varient en fonction de differents 
parametres tels que par exemple 1' individu ou la maladie a 
traiter, ou encore de l'acide nucleique a transferer ou de 
1' organe/tissus cible - 

25 L' invention concerne egalement une cellule de mammifere 

ne produisant pas naturellement d' anticorps, caracterisee en ce 
qu'elle est genetiquement modifiee par au moins une sequence 
d'acide nucleique contenant au moins un gene d' interet 
therapeutique et des elements assurant 1' expression dudit gene 
30 dans ladite cellule, ledit gene d' interet therapeutique codant 
pour tout ou partie d' un anticorps exprime a la surface de 
ladite cellule genetiquement modifiee et en ce que ledit 
anticorps est capable de se fixer a un polypeptide present a la 
surface d' une cellule effectrice cytotoxique ou d' un lymphocyte 
35 T helper et implique dans le procede deactivation d'une telle 
cellule decrit plus haul- 
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Enfin, 1' invention concerne un procede de preparation 
d'une cellule telle que decrite ci-dessus caracterise en ce que 
l'on introduit dans une cellule de mammifere ne produisant pas 
naturellement d' anticorps, par tout moyen approprie, au moins 
une sequence d'acide nucleique contenant au moiris un gene 
d' interet therapeutique et des elements assurant 1' expression 
dudit gene dans ladite cellule, ledit gene d' interet 
therapeutique codant pour tout ou partie d'un anticorps exprime 
a la surface de ladite cellule genetiquement modifiee et en ce 
que ledit anticorps est capable de se fixer a un polypeptide 
present a la surface d'une cellule effectrice cytotoxique ou 
d'un lymphocyte T helper et implique dans le procede 
d' activation d'une telle cellule, puis en ce que l'on 
selectionne parmi ces cellules celles genetiquement modifiees 
15 par ladite sequence d'acide nucleique. 

Les exemples ci-apres illustrent 1' invention sans la 
limiter en aucune facon. 

Legende des Figures : 

Figure 1 : Test de proliferation sur splenocytes murins (2E5 
20 cellules/puits) actives avec des cellules P815 armees avec les 
anticorps TR310 et H57-597. Mise en presence pendant 5 jours. 
Marquage thymidine tritiee 8h. Les resultats sont exprimes en 
quantite de thymidine tritiee incorporee (10E3 cpm) . 

Figure 2 : Analyse par cytometrie de flux de 1' expression des 
25 differents anticorps apres infection de cellules BHK21 avec les 
differents virus recombinants. A-B-C correspondent aux 
infections realisees avec les virus MVATG14205, MVATG14240 et 
MVATG14237, respect ivement . (T : marquage negatif a l'aide d'un 
anticorps temoin negatif ; m anti-rat IgG : marquage a l'aide 
30 d'un anticorps de souris dirige contre les IgG de rat ; r anti- 
hamster IgG : marquage a l'aide d'un anticorps. de rat dirige 
contre les IgG de hamster) . 

Figure 2A : Analyse de 1' expression de 1' anticorps TR310 
Figure 2B : Analyse de 1' expression de 1' anticorps KT3 
35 Figure 2C : Analyse de 1' expression de 1' anticorps H57-597 . 
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Figure 3 : Modele P815 (faible immunogenecite ; H2d ; CMH1 ; 
ICAM1 ; CD48) . Test de proliferation sur splenocytes murins 
(2.10 s cellules/ puits) actives avec des cellules P815 infectees 
avec les differents virus MVA recombinants. A-B correspond a la 
5 mise en contact de 2 . 10 5 splenocytes avec 20000 ou 2000 des 
differentes cellules P815 respect iveme nt . P815/TR310 , P815/H57- 
597 et P815/R2 : P815 armees avec les anticorps TR310, H57-597 
et un anticorps temoin, respectivement ; P8 15/MVATG14205 , 
P81S/MVATG14237, P815/MVATG14240 : P815 infectees avec les 
10 differents virus MVA recombinants ; Con A et IL-2 : temoins 
positifs correspondant a la stimulation de splenocytes avec de 
la concanavaline A ou de 1' interleukine-2 recombinante ; 
cellules : splenocytes seuls. Le pourcentage d' infection avec 
les differents virus MVA recombinants est indique. 
15 Figure 4 : Modele B16F0 (non immunogene ; H2b) test de 
proliferation sur splenocytes murins (2,10 s cellules/ puits) 
actives avec des cellules B16F0 infectees avec les differents 
virus MVA recombinants. A-B-C correspond a la mise en contact 
de 2 . 10 s splenocytes avec 20000 , 10000 ou 2000 des differentes 
20 cellules B16F0. B16F0/MVATG14205 , B16F0/MVATG14 2 37 , 

B16F0/MVATG14240 : B16F0 infectees avec les differents virus MVA 
recombinants ; Con A: temoin positif correspondant a la 
stimulation de splenocytes avec de la concanavaline A; 
cellules : splenocytes seuls. Le pourcentage d f infection avec 
25 les differents virus MVA recombinants est indique. 

Exemplc 1 

1 - Me th odes : 

1-1 Construction des virus MVA recombinants 

Afin de permettre le clonage des sequences d'acide 

30 nucleique codant pour differents anticorps choisis pour leur 

capacite a activer les lymphocytes T , trois hybridomes 
differents ont ete selectionnes : 

- hybridome TR310 (rat anti-Vb7 murin (IgG2b); ATCC HB- 
219; I- L.Weissman; fusion myelomes mur in/splenocytes rat) - 

35 - hybridome H57-597 (hamster anti-TCRab murin (IgG); ATCC 

HB-218; Kubo et aJ, 1989, J- Immunology, 142: 2736-2742; fusion 
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myelomes murin/splenocytes hamster) . 

- hybridome KT3 (rat anti-CD3e murin (IgG2a) ; Tomonari et 
ai, 1988, Immunogenetics, 28: 455-458; fusion myelomes 
murin/splenocytes rat) . 

5 Le clonage des sequences codant pour 1 ' integralite des 

differentes chaines lourdes et legeres de ces anticorps a ete 
realise selon deux methodes differentes a partir des ARN totaux 
extraits des 3 hybridomes: 

a) par RT-PCR a l'aide d' oligonucleotides specif iques ( 
10 £ca BEST™ RNA PCRKit, Takara Shuzo Co. , Ltd; Frohman et ai, 
1988, Proc. Natl. Acad. Sci . USA, 85: 8998-9002) definis de 
maniere a ce qu' ils s'hybrident au niveau des regions conservees 
des sequences 3' constante et 5 f variable codant pour les 
immunoglobulines correspondantes (voir C. A. Kettleborough et 
15 al, 1993, Eur. J. Immunol. 23: 206-211). Plus particulierement , 
ces sequences ont ete definies a l'aide des informations 
suivantes disponibles sur GeneBank : 

Hybridome TR310 et KT3 (chaines lourdes et legeres de 

rat) : 

20 -chaine lourde de type gamma: Rat 

anti-acetylcholine receptor antibody gene, rearranged Ig 
gamma-2a chain, VDJC region, complete cds. Author: Agius, M. A. 
and Bharati, S. 1993. Numero d' accession dans genebank=L22654 

-chaine legere de type kappa: Rat 
25 anti-acetylcholine receptor antibody gene, kappa-chain, VJC 
region, complete cds . Author: Agius, M. A. and Bharati, S. 1993. 
Unpublished. Numero d'accession dans genebank=L22 653 - 

Hybridome H57-597: (chaine lourde et legere de hamster): 

-chaine lourde de type gamma: Cricetulus 
30 migratorius IgG heavy chain mRNA, complete cds. Author: 
Whitters, M. J. and Collins, M. 1995. Immunogenetics. 42(3): 
227-228. Numero d'accession dans genebank=U17 1 66 . 

-chaine legere de type lambda: Mus Musculus 
immunoglobulin lambda chain (IgL) mRNA, complete cds. Author: 
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Reidl, L. S. Kinoshita, C. M. and Steiner, L. A. 1992. J . 
Immunol. 149: 471-480. Numero d'accession dans genebank=M9434 9 . 

b) par constructions de banques de cDNA en pBluescript ( 
Universal Riboclone System, Promega, Madison, USA; Maniatis et 
5 al, 1982, Molecular cloning. A laboratory manual. S. H. 

Laboratory, Cold Spring Harbor, New York) et screening de ces 
banques avec les fragments amplifies selon a) . 

Les chaines ainsi isolees sont sous-clon£es par 
recombinaison dans un virus MVA recombinant renfermant la 

10 sequence d'acide nucleique codant pour la region 
transmembranaire du virus de la rage (Modified Vaccinia Ankara; 
Antoine et al, 1998, Virology, 244: 365-396 et demande de brevet 
francais n° FR 97 09152) afin d'obtenir des virus recombinants 
capables d'exprimer des anticorps fonctionnels capables de 

15 reconnaltre et de se lier a leur antigene specif ique et exprimes 
de maniere transmembranaire a la surface des cellules 
recombinees . 

1-2 Etude In vitro de l'effet des anticorps TR310 et H57-597 sur 
20 la proliferation de splenocytes murins . 

Des splenocytes murins (souche DBA/2) ont ete stimules 
avec des cellules tumorales murines P815HT (souche C57/B16; 
Acres et ai, 1993, J. Immunother. 14: 136-143) en presence de 
25 l'un ou 1' autre des deux anticorps (TR310 et H57-597) purifies 
a partir des surnageants d'hybridome correspondant , pendant lh 
a 37°C. La presence a la surface des cellules P815HT de 
recepteurs a immunoglobulines de type Fc perraet le recouvreraent 
desdites cellules avec les anticorps. Apres 5 jours d' incubation 
30 entre les cellules P815 presentant a leur surface les anticorps 
selectionn£s et les splenocytes, la proliferation des 
lymphocytes T est mesuree par un test d' incorporation de 
thymidine tritiee (Gimmi et ai, 1996, Nat. Med. 12: 1367-1371). 

35 Par ailleurs, lors de cette etude, plusieurs parametres 

ont ete analyses: 

a) nombre de cellules P815 presentant a leur surface les 
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anticorps selectionnes necessaire a la stimulation ; 

b) co-stimulation eventuelle a l'aide d' IL-2 recombinante 
humaine au jour 4 (100 ng/ml soit 50 Ul/ml; R&Dsystems) 

1- 3 Etude de la response Th (T helper) associee a la stimulation 
5 des splenocytes par les ciifferents anticorps (TR310 et H57-597) 

presentes a la surface des cellules P815. 

Pour evaluer cette reponse, les surnageants du test de 
proliferation precedent, realise en presence d' IL-2 recombinante 
humaine, ont ete preleves au jour 4 ou 5. La presence dans ces 
10 surnageants d' IL-4 (reponse de type Th2) ou d'lFNy (reponse de 
type Thl) a ete mesure a l'aide de kits specif iques disponibles 
dans le commerce, selon les recommandations du fournisseur (Kit 
Quantikine, R&D systems) . 

15 2 - Resultats 

2- 1 Etude in vitro de l'effet des anticorps TR310 et H57-597 sur 
la proliferation de splenocytes murins . 

20 2 - 1 - 1 - Controles 

Parallelement a cette etude, un certain nombre de temoins 
ont egalement ete analyses. 

II s'agit plus particulierement de mesurer les effets 
observes dans des conditions identiques au test proprement dit 
25 de : 

RPMI CT: temoin negatif renfermant le milieu seul. 

Spleno: temoin negatif renfermant les cellules 
splenocytes seules . 

Spleno + P815 +/- IL-2: temoin negatif renfermant les 
30 cellules splenocytes + les cellules P815 cibles non armees, en 
presence ou en absence (+/-) d' IL-2 (100 ng/ml) ajoutee au jour 
4 - 

Spleno + P815/R2 +/- IL-2: temoin negatif renfermant les 
cellules splenocytes + les cellules P815 cibles portant a leur 
35 surface un anticorps neutre (non capable d' induire 1' activation 
des lymphocytes) +/- IL-2 (100 ng/ml) ajoutee au jour 4. 

Spleno + ConA: temoin positif correspondant a la 
stimulation des splenocytes murins a l'aide de la Concanaval ine 
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A (10 jxg/ml) qui est un mitogene murin puissant. 

Spleno + PHA-P: temoin positif correspondant a la 
stimulation des splenocytes murins a l'aide de la 
phytohematogluttinine A (1 ng/ml) qui est un mitogene humain 
5 puissant. 

2 - i - 2 - Test 

P815/TR310 (20000/2000/200) +/-IL-2 : Evaluation de la 
stimulation de splenocytes murins par des cellules P815 cibles 
10 portant a leur surface un anticorps TR310 (2E4, 2E3, 2E2 
cellules/test) en presence ou non d' IL-2 recombinante humaine 
a partir de J+4. 

P815/H57-597 (20000/2000/200) +/-IL-2 : Evaluation de la 
15 stimulation de splenocytes murins par des cellules P815 cibles 
portant a leur surface un anticorps H57-597 (2E4, 2E3, 2E2 
cellules/test) en presence ou non d' IL-2 recombinante humaine 
a partir de J+4. 

20 Les resultats de stimulation obtenus sont presentes sur 

la Figure 1. Ces resultats montrent que la presentation 
d' anticorps «activateurs» de lymphocytes T a la surface des 
cellules cibles P815 permet 1' activation et la proliferation de 
splenocytes murins (visualisees par 1' incorporation de thymidine 

25 tritiee) . L'ajout d' interleukine-2 recombinante humaine ne 
semble pas amplifier cette stimulation anticorps-dependante - Par 
ailleurs, nous avons egalement montre que 1' activation des 
lymphocytes telle que mesuree s'accompagne de la lyse des 

cellules cibles P815. 

30 

2-2 Etude de la reponse Th (T helper) associee a la stimulation 
des splenocytes par les differents anticorps (TR310 et H57-597) . 

Les resultats observes sont presentes sur le Tableau 1 
suivant qui indique les mesures des dosages de l'IL-4 et de 
35 1'IFNy apres activation de splenocytes murins par les anticorps 
TR310 et H57-597 presents a la surface de cellules tumorales 
murines P815. 
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cellules 
activa trices 


P815 
2000 
cellules/test 


P815-TR310 
2000 
cellules /test 


P815-H57-597 
2000 
cellules/test 


dosage de 
1' IL-4 
produite en 
pg/ml 


0 


31 


£ o . o 


dosage de 
1' IFNg 
produite en 
pg/ml 


0 


92.9 


162.75 



Ces dosages montrent que les anticorps TR310 et H57-597 
dans un contexte de presentation membranaire induisent les 2 
types de reponse Thl et Th2 (tableau 1) . Les anticorps TR310 et 
H57-597 sont done capables lorsqu' ils sont presentes a la 
surface de cellules tumorales d'activer une reponse de type 
«helper» Thl mais aussi Th2 en se liant a leur recepteur 
membranaire present a la surface des cellules T CD4+. La 
secretion de ces cytokines permet en particulier d'augmenter la 
reponse immunitaire dirigee contre les cellules tumorales. 
Exenple 2 
1- Me thodes : 

1"! Construction des virus MVA recombinants 

Trois virus MVA recombinants ont ete construits 

(MVATG14205 exprimant 1' anticorps de rat TR310 (anti-V beta 7 
murin) ; MVATG14237 exprimant 1' anticorps de hamster H57-597 

(anti-TCR alpha/beta de hamster) et MVATG14240 exprimant 
1' anticorps de rat KT3 (anti-CD3 epsilon de rat). Les cassettes 
d' expression ont ete introduites dans la deletion II du MVA 

(Modified Virus Ankara) conune decrit dans la demande de brevet 
WO 9903885. La chalne legere de chaque anticorps a ete placee 
sous controle du promoteur vaccine early-late p7 . 5 (Goebel et 
al, 1990, Virology, 179, 247-266). La sequence codant pour la 
chaine lourde de chaque anticorps a ete placee sous le controle 
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du promoteur vaccine early-late pH5R (Goebel et al, 1990, 
Virology, 179, 247-266) . Afin de faciliter la selection des 
virus MVA recombinants, le gene de selection GPT (xanthine- 
guanine phosphoribosyltransf erase) de E. coli est utilise . 
5 L'extremite C-terminale de la chaine lourde de chaque anticorps 
est en outre fusionnee avec le domaine trans -membranai re et 
intra-cytoplasmique de la glycoproteine rabique afin de 
permettre l'ancrage des anticorps dans la membrane plasmique. 

10 1-2 Evaluation de 1* expression des differents anticorps apres 
infection de cellules embryonnaires de poulet (CEP) avec les 
differents virus MVA recombinants . 

L' expression est analysee par Western Blot en respectant 
les conditions du kit «ECL™ Western Blotting » d'Amershara Life 
15 Science (UK) . Pour cela, des cellules embryonnaires de poulet 
sont infectees a une multiplicity d' infection (MOI) de 1 avec 
les differents virus MVA recombinants. Les meraes cellules sont 
egalement infectees avec le virus controle MVAN33 . Apres 24h 
d' infection, les cellules sont lavees avec du PBS puis soumises 
20 a sonication dans le tampon de depot. La suspension est ensuite 
denaturee 3 min a 95°C avant d'etre fractionnee sur un gel de 
polyacrylamide 13%. Les proteines ainsi fractionnees sont 
ensuite transferees sur une membrane PVDF (porablot ; Macherey- 
Nagel) . L' expression des anticorps TR310 et KT3 est analysee 
25 apres hybridation a l'aide d'un anticorps de souris dirige 
contre les IgG de rat couple a la HRPO (horseradish peroxidase ; 
10 ug/ml) . L' expression de 1' anticorps H57-597 est analysee 
apres hybridation a l'aide d'un anticorps de rat dirige contre 
les IgG de hamster couple a la HRPO. 

30 

1-3 Analyse par * cytometrie de flux de 1' expression des 
differents anticorps apres infection de cellules BHK21 avec les 
differents virus recombinants. 

L' expression est analysee par FACS apres infection de 
35 cellules BHK21 (Baby Hamster Kidney) a une MOI de 1 avec les 
differents virus MVA recombinants. Apres 12 h d' infection , les 
cellules sont decollees puis analysees. La detection des 
anticorps TR310 et KT3 est realisee apres incubation avec un 
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anticorps de souris dirige contre les IgG de rat, couple a la 
FITC (Jackson ImmunoResearch Laboratories Inc (Pennsylvania ; 
USA)). La detection de 1' anticorps H57-597 est realisee a l'aide 
d'un anticorps de rat dirige contre les IgG de hamster couple 
a la FITC (Jackson ImmunoResearch Laboratories Inc 
(Pennsylvania ; USA)). Les cellules infectees ont egalement ete 
incubees avec un anticorps temoin. 

1- 4 Etude in vitro de la fonctionnalite des differents virus MVA 
recombinants. 

La fonctionnalite des virus MVA recombinants est testee en 
realisant des test de proliferation sur splenocytes murins. Des 
splenocytes murins (souche DBA/2) sont stimules avec des 
cellules tumorales murines P815HT ou B16F0 infectees avec les 
3 virus MVA recombinants. Pour cela, des cellules P815HT et 
B16F0 sont infectees a une MOI de 1 pendant 20h avec les virus 
MVATG14205, MVATG14237, MVATG14240 et MVAN33 (controle negatif ) . 
Pour le modele P815HT, les cellules sont egalement mises en 
contact avec 10 pg/ml des anticorps TR310 et H57-597 purifies 
a partir de surnageant d'hybridome. Les cellules infectees ou 
armees sont ensuite traitees pendant 1 h avec de la mitomycine 
C (Sigma ; 50 pg/ml) afin de stopper leur division. Apres 5 
jours d' incubation dans les differentes conditions de cellules 
P815 et B16F0 et les splenocytes murins, la proliferation des 
lymphocytes T est mesuree par un test d ' ' incorporation de 
thymidine tritiee. 

2- Resultats : 

2-1 Construction des MVA recombinants 

Les virus MVA recombinants (MVATG14205; MVATG14237 et 
MVATG14240) sont generes par recombinaison homologue dans des 
cellules embryonnaires de poulet a l'aide des differents 
plasmides de transfert (pTG14205; pTG14237 et pTgl4240) et d'un 
virus MVA sauvage MVAN33 comme decrit dans la demande de brevet 
35 WO 9903885. 
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2-2 Evaluation de 1' expression des differents anticorps apres 
infection de cellules embryonnaires de poulet (CEP) avec les 
differents virus MVA recombinants . 

1/ expression des differents anticorps (TR310, H57-597 et 
5 KT3) est analysee par Western Blot apres infection de CEP avec 
les virus MVA recombinants. Les resultats observes montrent 
qu' il y a bien expression d' immunoglobuline de type IgG de rat 
dans les cellules infectees avec les virus MVATG14205 et 
MVATG14240. Apres infection avec le MVATG14237, il y a egalement 
10 expression d'une immunoglobuline de type IgG de hamster. Ces 
resultats sont reveles par la presence d'une bande specif ique 
migrant a environ 60 kDa et correspondent a la chaine lourde 
de 1' immunoglobuline. Aucune bande specif ique n' a pu etre 
observee apres infection de CEP par le virus controle MVAN33. 

15 

2-3 Analyse par cytometrie de flux de 1' expression des 
differents anticorps apres infection de cellules BHK21 avec les 
differents virus recombinants. 

L' expression et 1' assemblage des 3 anticorps sont evalues 
20 par cytometrie de flux (Figure 2) . Des cellules BHK21 sont 
infectees a une MOI de 1 avec les 3 virus recombinants. 
L' analyse par FACS a permis de mettre en evidence 1' expression 
d'IgG de surface de hamster (H57-597) et de rat (TR310 et KT3) 
apres incubation des cellules infectees avec des anticorps 
25 diriges specif iquement contre des IgG de rat et de hamster. 
Cette analyse a egalement permis de montrer 1' expression de 
chaine legere de type kappa dans les cellules BHK21 infectees 
avec les virus MVATG14205 et MVATG14240. Ces resultats 
permettent de montrer que 1' infection de cellules BHK21 par les 
30 differents virus MVA recombinants entraine 1' expression 
d' immunoglobulines membranaires correctement rearrangees. 

2-4 Etude in vitro de la fonctionnalite des differents virus MVA 
recombinants. 

35 La fonctionnalite des virus MVA recombinants est testee en 

realisant des test de proliferation sur splenocytes murins. Pour 
cela 2 types de modeles murins sont utilises, les cellules 
P815HT (Figure 3) et les cellules B16F0 (Figure 4). Ces 2 types 
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de cellules sont infectes avec les virus recombinants afin 
d' exprimer a leur surface des anticorps transmembranaires 
diriges contre tout ou partie du complexe TCR/CD3 murin. Nous 
avons mesure la proliferation induite par la mise en contact de 
5 cellul es P815HT et B16F0 inf ectees avec des splenocytes murins 
naifs d'un haplotype semblable. Dans un premier temps, des 
cellules P815HT (faiblement immunogene ; H2d ; exprimant le 
CMHI, ICAMI et CD48) sont infectees avec les 3 virus 
recombinants et un virus MVAN33 controle. En parallele les memes 

10 cellules P815HT sont incubees avec les anticorps TR310 et H57t- 
597 afin de les armer d' anticorps par 1' intermediaire de leur 
recepteur Fc. Pour le virus MVATG14205 (stimulation des cellules 
Vbeta 7 murines), la stimulation induite par des cellules P815 
infectees est faiblement superieure a celle obtenue avec les 

15 cellules armees. De plus, le niveau de proliferation reste tres 
faible comme attendu avec la specif icite de 1' anticorps. Avec 
les virus MVATG14237 et MVATG14240, l'indice obtenu avec les 
cellules infectees est nettement superieur a celui obtenu avec 
les cellules armees - Les indices obtenus avec les cellules 

20 infectees par les 3 virus sont tres nettement superieurs a ceux 
obtenus avec des agents mitogenes puissants comme la 
concanavaline A ou 1' interleukine-2 . Enfin, nous avons pu mettre 
en evidence dans tous les cas un effet dose proportionnel au 
nombre de cellules infectees mis en contact avec les 

25 splenocytes. Aucune stimulation n'a pu etre observee avec des 
cellules P815HT non infectees, armees avec un anticorps temoins 
ou infectees avec un virus controle. 

De maniere identique, les cellules B16F0 sont utilisees 
dans le raeme type d'experience (Figure 4). Ces cellules murines 

30 B16F0 sont non immunogenes et ne possedent aucune molecule de 
co-stimulation. Nous avons ainsi mis en evidence une forte 
proliferation de splenocytes naifs apres contact avec des 
cellules infectees. De facon identique, les cellules infectees 
avec le MVATG14205 induisent une proliferation inf erieure aux 

35 cellules infectees avec les virus MVATG14237 et MVATG14240. Pour 
ces deux derniers, l'indice de proliferation obtenu avec 20000 
cellules est comparable a celui obtenu avec la Con A. Dans ce 
modele, la quantite de cellules infectees semble egalement jouer 
sur l'indice de proliferation obtenu (effet dose). 
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En conclusion, il apparalt tres clairement que les 3 virus 
recombinants sont fonctionnels . 1/ expression des anticorps 
TR310, H57-597 et KT3 a la surface de cellules permet d' induire, 
selon 1' invention, une forte proliferation de cellules T naives. 
5 Cette stimulation est de maniere avantageuse plus importante que 
celle obtenue avec des cellules armees avec les memes anticorps 
par 1' intermediaire de recepteur de type Fc, mais egalement que 
celle obtenue avec de puissants agents mitogenes tels que la 
ConA. 
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REVENDICATIONS 

1 - Materiel biologique pour la preparation de 
compositions pharmaceutiques destinees au traitement die 
matnmif eres comprenant : 

5 - soit au moins une sequence d'acide nucleique contenant 

au moins un gene d' interet therapeutique et des elements 
assurant 1' expression dudit gene in vivo dans des cellules 
cibles destinees a etre genetiquement modifiees par ladite 
sequence d'acide nucleique ; 

10 - soit au moins une cellule cible ne produisant pas 

naturellement des anticorps et genetiquement modifiee in vitro 
par au moins une sequence d'acide nucleique precedente, 

caracterise en ce que ledit gene d' interet therapeutique 
code pour tout ou partie d' un anticorps qui sera exprime a la 
15 surface de ladite cellule cible et en ce que ledit anticorps est 
capable de se fixer a un polypeptide present a la surface d'une 
cellule effectrice cytotoxique ou d'un lymphocyte T helper, et 
implique dans le procede d' activation d'une telle cellule. 

2 - Materiel biologique selon la revendication 1 
20 caracterise en ce que ladite sequence d' acide nucleique est sous 

la forme d'une sequence d'ADN ou d'ARN nue. 

3 - Materiel biologique . selon la revendication 1 
caracterise en ce que ladite sequence d'acide nucleique est un 
vecteur permettant le transfert dudit gene d' interet 

25 therapeutique dans lesdites cellules cibles. 

4 - Materiel biologique selon la revendication 3 
caracterise en ce que ledit vecteur est un vecteur viral. 

5 - Materiel biologique selon la revendication 4 
caracterise en ce que ledit vecteur viral est un vecteur 

30 adenoviral, retroviral, un poxvirus notamment derive du virus 
de la vaccine ou du Modifed Virus Ankara (MVA) . 

6 - Materiel biologique selon la revendication 3 
caracterise en ce que ledit vecteur consiste en au moins une 
dite sequence d'acide nucleique complexee ou conjuguee a au 
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moins une molecule ou substance porteuse selectionnee parmi le 
groupe consistant en un amphiphile cationique, notamment un 
lipide cationique, un polymere cationique ou neutre, un compose 
polaire protique notamment choisi parmi le propylene glycol, le 
5 polyethylene glycol, le glycerol, l'ethanol, la 1 -methyl L -2- 
pyrrolidone ou leurs derives, et un compose polaire aprotique 
notamment choisi parmi le dimethylsulf oxide (DMSO) , le 
diethylsulfoxide, le di-n-propylsulf oxide, le dimethylsulf one, 
le sulfolane, la dimethyl formamide, le dimethylacetamide, la 
10 tetramethyluree, 1' acetonitrile ou leurs derives. 

7 - Materiel biologique selon l'une quelconque des 
revendications precedentes caracterise en ce que ladite sequence 
d'acide nucleique contient un gene codant pour la chalne lourde 
d'un anticorps capable de se fixer a un polypeptide present a 
IS la surface d'une cellule effectrice cytotoxique ou d'un 
lymphocyte T helper, et implique dans le procede d' activation 
d'une telle cellule, fusionnee avec un polypeptide 
transmembranaire . 

8 - Materiel biologique selon la revendication 7 
20 caracterise en ce que ladite sequence d'acide nucleique contient 
en outre un gene codant pour la chalne legere d'un anticorps 
capable de se fixer a un polypeptide present a la surface d'une 
cellule effectrice cytotoxique ou d'un lymphocyte T helper, et 
implique dans le procede d' activation d'une telle cellule. 

25 9 - Materiel biologique selon la revendication 7 ou 8 

caracterise en ce que ledit polypeptide transmembranaire est 
selectionne parmi le groupe consistant en une glycoproteine, une 
lipoproteine, un recepteur membranaire . 

10 - Materiel biologique selon la revendication 9 
30 caracterise en ce que ledit polypeptide transmembranaire est 

selectionne parmi le groupe consistant en la glycoproteine du 
virus de la rage, la gpl60, le CD4 . 

11 - Materiel biologique selon l'une quelconque des 
revendications precedentes caracterise en ce que ledit 

35 polypeptide present a la surface d'une cellule effectrice 
cytotoxique ou d'un lymphocyte T helper et implique dans le 
procede d' activation d'une telle cellule est un recepteur- 
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12 - Materiel biologique selon la revendication 11 
caracterise en ce que ladite cellule effectrice cytotoxique est 
selectionnee parmi le groupe consistant en les macrophages, les 
lymphocytes T cytotoxiques (TCL) et les cellules tueuses (NK) , 

5 ou leurs cellules derivees. * " 

13 - Materiel biologique selon les revendications 11 et 
12 caracterise en ce que ledit recepteur est selectionne parmi 
le groupe consistant en tout ou partie du complexe TCR, plus 
particulierement le TCR-a, le TCR-p ou le CD3, le CD8, CD4, 

10 CD28, LFA-1, 4-1BB, CD47, CD2 , CD9, CD45, CD40, les recepteurs 
de cytokines, telles que IL-7, IL-4, IL-2, IL-15 ou GM-CSF, le 
Val4NKT , NKAR, le recepteur Fc . 

14 - Materiel biologique selon l'une quelconque des 
revendications precedentes caracterise en ce que ladite cellule 
cible est une cellule de mammifere tumorale, une cellule de 
mammifere infectee par un agent pathogene viral ou une cellule 
de mammifere infectee par un agent pathogene bacterien. 

15 - Materiel biologique selon la revendication 1 
caracterise en ce qu' il est constitue par au moins une cellule 
cible ne produisant pas naturellement des anticorps, sous une 
forme permettant leur administration dans l'organisme d'un 
mammifere ainsi qu' eventuellement leur culture prealable, ladite 
cellule etant genetiquement modifiee in vitro par au moins une 
sequence d' acide nucleique contenant au moins un gene codant 
pour tout ou partie d'un anticorps exprime a la surface de 
ladite cellule cible et en ce que ledit anticorps est capable 
de se fixer a un polypeptide present a la surface d' une cellule 
effectrice cytotoxique ou d'un lymphocyte T helper, et implique 
dans le precede d' activation d' une telle cellule. 

16 - Materiel biologique selon la revendication 15 
caracterise en ce que lesdites cellules cibles proviennent du 
mammifere a traiter. 

17 - Materiel biologique selon la revendication 15 
caracterise en ce que lesdites cellules cibles proviennent d'un 
autre mammifere que celui a traiter et ont subi un traitement 
les rendant compatibles. 
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18 - Materiel biologique selon l'une des revendica tions 
1 a 17, caracterise en ce qu'il comporte, en outre, au moins une 
sequence d'ADN assurant 1" expression d'un compose implique dans 
1" activation des cellules effectrices cytotoxiques ou de 

5 lymphocytes T helper . 

19 - Utilisation d'un materiel biologique selon l'une des 
revendications 1 a 18 pour la preparation d'une composition 
pharmaceutique destinee au traitement ou a la prevention de 
cancers ou d' infections virales. 

10 20 - Utilisation d'une sequence d' acide nucleique 

contenant au moins un gene d f interet therapeutique et des 
elements assurant 1' expression dudit gene in vivo dans des 
cellules cibles genetiquement modifiees par une dite sequence 
d' acide nucleique, ledit gene d' interet therapeutique codant 

15 pour tout ou partie d'un anticorps exprime a la surface de 
ladite cellule cible et capable de se fixer a un polypeptide 
present a la surface d'une cellule effectrice cytotoxique ou 
d'un lymphocyte T helper, et implique dans le procede 
d' activation d'une telle cellule, pour la preparation de 

20 compositions pharmaceutiques destinees a traiter un mammifere 
par transfert de gene. 

21 - Composition pharmaceutique comprenant un materiel 
biologique selon l'une des revendications 1 a 18, 
avantageusement en association avec un vehicule 

25 pharmaceutiquement acceptable- 

22 - Composition pharmaceutique selon la revendication 

21, comprenant un materiel biologique selon l'une des 
revendications 15 a 17 et un compose naturellement responsable 
de 1' activation des cellules effectrices cytotoxiques ou de 

30 lymphocytes T helper. 

23 - Composition pharmaceutique selon la revendication 

22, caracterisee en ce que ledit compose est une cytokine ou une 
chemokine . 

24 - Cellule de mammifere ne produisant pas naturellement 
35 d' anticorps, caracterisee en ce qu'elle est genetiquement 

modifiee par au moins une sequence d' acide nucleique contenant 
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au moins un gene d' interet therapeutique et des elements 
assurant 1' expression dudit gene dans ladite cellule, ledit gene 
d' interet therapeutique codant pour tout ou partie d'un 
anticorps exprime a la surface de ladite cellule genetiquement 
5 modifiee et en ce que ledit anticorps est capable de se fixer 
a un polypeptide present a la surface d'une cellule effectrice 
cytotoxique ou d'un lymphocyte T helper, et implique dans le 
procede deactivation d'une telle cellule. 

25 - Procede de preparation d'une cellule selon la 
10 revendication 24, caracterise en ce que l'on introduit dans une 
cellule de mammifere ne produisant pas naturellement 
d' anticorps, par tout moyen approprie, au moins une sequence 
d'acide nucleique contenant au moins un gene d' interet 
therapeutique et des elements assurant 1' expression dudit gene 
15 dans ladite cellule, ledit gene d' interet therapeutique codant 
pour tout ou partie d'un anticorps exprime a la surface de 
ladite cellule genetiquement modifiee et en ce que ledit 
anticorps est capable de se fixer a un polypeptide present a la 
surface d'une cellule effectrice cytotoxique ou d'un lymphocyte 
20 T helper, et implique dans le procede d' activation d'une telle 
cellule, puis en ce que l'on selectionne parmi ces cellules 
celles genetiquement modifiees par ladite sequence d'acide 
nucleique . 



WO 00/24896 



4/6 



PCT/FR99/0255I 




• 



WO 00/24896 



PCT/FR99/02551 



6/6 



Figure 4 
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(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 
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□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 

16 May 2000(16.05.00) 


Date of completion of this report 

24 August 2000 (24.08.2000) 


Name and mailing address of the IPEA/EP 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/FR99/02551 



1. Basis of the report 



1 . This report has been drawn on the basis of {Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 14 are referred to in this report as ' originally filed " and are not annexed to the report since they do not contain amendments ): 

| | the international application as originally filed. 

tyQ the description, pages , as originally filed, 

pages , filed with the demand, 

pages , filed with the letter of 

pages , filed with the letter of 



^ the claims, 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



1-25 



, as originally filed, 

, as amended under Article 19, 

, filed with the demand, 

, filed with the letter of 

, filed with the letter of 



the drawings. sheets/fig 
sheets/fig 
sheets/fig 
sheets/fig 



1/6-6/6 



, as originally filed, 
, filed with the demand, 
, filed with the letter of 
filed with the letter of 



2. The amendments have resulted in the cancellation of: 

□ 

the description, pages 

1 1 the claims, Nos. 

□ 

the drawings, sheets/fig 



3 | I This report has been established as if (some of) the amendments had not been made, since they have been considered 
to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 



4. Additional observations, if necessary; 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Statement 
Novelty (N) 

Inventive step (IS) 
Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-25 



1-25 



1-25 



YES 
NO 
YES 
NO 

YES 
NO 



Citations and explanations 

Reference is made to the following documents: 

Dl: FR-A-2 758 569 (CNRS) 24 July 1998 

D2: S. DESSUREAULT ET AL : JOURNAL OF SURGICAL 
RESEARCH, Vol. 64, No. 1, 15 July 1996, 
pages 42-48 

D3: A. GUARINI ET AL: CYTOKINES AND MOLECULAR 

THERAPY, Vol. 1, No. 1, March 1995, pages 57-64 

These same reference numbers shall be used in further 
proceedings . 



1. Novelty (PCT Article 33(2)) and Inventive Step 
(PCT Article 33 (3) ) 

1.1 The methods disclosed in Claims 1 to 25 are 

considered to be novel and inventive in light of Dl 
to D3. 

Dl discloses a biological material for preparing 
pharmaceutical compositions for the treatment of 
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mammals by means of the transfer of an antibody gene 
into mammalian cells and a pharmaceutical 
composition relating to said antibody. 



Said mammalian cells, which do not produce 
antibodies naturally, are selected from 
keratinocytes, hepatocytes, skin fibroblasts, 
myoblasts, endothelial cells and hematopoietic stem 
cells . 



Following the antibody gene transfer, the cells are 
capable of secreting a therapeutically effective 
amount of said antibody into the bloodstream of a 
mammal. Said cells also have a long life span in 
the organism of the mammal. 



The activity of the antibody is directed against a 
tumour cell specific antigen or an antigen specific 
to virus-infected cells, i.e. "target" cells rather 
than effector cells. 



D2 describes cancer cell lines transfected with 
vectors consisting of at least one CD80 coding 
sequence. Said lines are used for inducing 
proliferation and cytotoxic activity by effector 
cells (NK cells and CTL cells) . 



D3 relates to HLA-A2 melanoma cells, which, after 
transduction, are capable of generating a specific 
anti-tumour cytotoxic T-lymphocyte response. 



1.2 The subject matter of Claim 1 therefore differs from 
the prior art in that the activity of the antibody 
produced by the transformed cells is directed 
against effector . cells, and also in that the gene of 
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interest does not code for an antibody. 



As a result, the subject matter of Claim 1 is novel 
(PCT Article 33 (2) ) . 



The problem which the present invention aims to 
solve can therefore be considered to be that of 
providing additional biological materials for 
preparing pharmaceutical compositions for the 
treatment of mammals. 

The solution to this problem, as proposed in Claim 1 
of the present application, is considered to involve 
an inventive step (PCT Article 33(3)) for the 
following reasons: 

Dl to D3 describe either an activity of the 
expressed antibody directed against "target" cells, 
or specific (proliferative, cytotoxic or anti- 
tumoural) responses by genes of therapeutic 
interest. There is no indication that would lead to 
combining the information in said documents. 



It follows that none of said documents renders the 
expression of an antibody in said cells obvious, 
said antibody being capable of binding to a 
polypeptide on the surface of a cytotoxic effector 
cell or a T-lymphocyte helper. 



Claims 2-14 are dependent on Claim 1 and, as such, 
therefore also fulfil the requirements of the PCT 
concerning novelty and inventive step. 



This is also true of Claims 15-25 which relate to 
pharmaceutical compositions containing said 
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materials, the use of said material and the method 
for producing a cell as per the present application, 



1.3 It follows that the present application according to 
Claims 1-25 fulfils the requirements of PCT. Article 
33 (2) and 33 (3) . 
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Nationalite (nom de I'Etat) 
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Reference du dossier du deposant ou du 

mandataire 

340214/17794 



voir la notification de transmission du rapport d'examen 
POUR SUITE A DONNER preliminaire international (formulaire PCT/IPEA/416) 



Demande internationale n° 
PCT/FR99/02551 



Date du depot international Qour/mois/ann6e) 
20/10/1999 



Date de priori te (jour/moi$/ann6e) 
22/10/1998 



Classification internationale des brevets (CIB) ou a la fois classification nationale et CIB 
C12N15/13 



Deposant 

TRANSGENE S.A. et al. 



1 . Le present rapport d'examen preliminaire international, etabli par I'administaration chargee de I'examen preliminaire 
international, est transmis au deposant conform ement a I'article 36. 

2. Ce RAPPORT comprend 6 feuilles, y compris la presente teuille de couverture. 

□ II est accompagne d'ANNEXES, c'est-a-dire de feuilles de la description, des revendications ou des dessins qui ont 
ete modifiees et qui servent de base au present rapport ou de feuilles contenant des rectifications faites aupres de 
i'oH m inictr*tinn rh^mpp do I'eyamen oreliminaire international (voir la regie 70.16 et ('instruction 607 des Instructions 



I'administration chargee de I'examen preliminaire international (voir la regie ' 
administratives du PCT). 

Ces annexes comprennent feuilles. 



3. Le present rapport contient des indications relatives aux points suivants: 

Base du rapport 
Priorite 

Absence de formulation d'opinion quant a la nouveaute, I'activite inventive et la possibility 
d'application industrielle 
Absence d'unite de I'invention 

Declaration motivee selon I'article 35(2) quant a la nouveaute, I'activite inventive et la possibilite 
d'application industrielle; citations et explications a I'appui de cette declaration 

Certains documents cites 
Irregularis dans la demande internationale 
Observations relatives a la demande internationale 



I 




II 
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III 


□ 


IV 


□ 


V 


IS 


VI 


□ 


VII 


□ 


VIII 


□ 



Date de presentation de la demande d'examen preliminaire 
internationale 

16/05/2000 



Norn et adresse postale de I'administration charged de 
I'examen preliminaire international: 
Office europeen des brevets 

D-80298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Date d'achevement du present rapport 
24.08.2000 



Fonctionnaire autorise 
Novak, S 

N° de telephone +49 89 2399 8930 
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Demande intemationale n° PCT/FR99/02551 



1. Bas du rapport 

1 . Ce rapport a ete redige sur la base des elements ci-apres {les feuilles de remplacement qui ont ete remises a 
I'office recepteur en reponse a une invitation faite conformement a I'article 14 sont considerees, dans le present 
rapport, comme "initialement deposees" et ne sont pas jointes en annexe au rapport puisqu'etles ne contiennent 
pas de modifications.) : 

Description, pages: 

1-27 version initiale 

Revendications, N°: 

1 -25 version initiale 

Dessins, feuilles: 

1/6-6/6 version initiale 

2. Les modifications ont entraine I'annulation : 

□ de la description, pages : 

□ des revendications, n os : 

□ des dessins, feuilles : 

3. □ Le present rapport a ete formule abstraction faite (de certaines) des modifications, qui ont ete considerees 

comme allant au-dela de I'expose de i'invention tet qu'il a ete depose, comme il est indique ci-apres 
(regie 70.2(c)) : 

4. Observations complementaires, le cas echeant : 
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V. Declaration motive selon I'article 35(2) quant a la nouv aut l activite inventive t la possibilit 
d'application industrielle; citations et explications a I'appui de cette declaration 

1. Declaration 

Nouveaute Oui : Revendications 1-25 

Non : Revendications 

Activite inventive Oui : Revendications 1 - 25 

Non : Revendications 

Possibility d'application industrielle Oui : Revendications 1 - 25 

Non : Revendications 



2. Citations et explications 
voir feuille separee 
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II est fait reference aux documents suivants: 

D1; FR-A-2 758 569 (CNRS) 24 juillet 1998 

D2: S. DESSUREAULT ET AL: JOURNAL OF SURGICAL RESEARCH, vol. 64, 

no. 1, 15 juillet 1996, pages 42-48 
D3: A. GUARINI ET AL: CYTOKINES AND MOLECULAR THERAPY, vol. 1 , 

no. 1, mars 1995, pages 57-64 

Les numeros d'ordre qui leur sont attribues ci-apres, seront utilises dans toute la suite 
de la procedure. 

ad V. 

1. Nouveaute (article 33(2) PCT et Activite Inventive (article 33(3) PCT) 

1.1. Les procedes objets des revendications 1 a 25 sont consideres comme nouveaux 
et inventifs au vu des documents D1 a D3. 

D1 divulgue un materiel biologique pour la preparation de compositions 
pharmaceutiques destinees a traiter un mammifere par transfer! de gene 
d'anticorps dans des cellules de mammifere et une composition pharmaceutique 
concernant cet anticorps. 

Lesdites cellules de mammifere, qui ne produisent pas naturellement d' anticorps 
ont ete choisies parmi les keratinocytes, les hepatocytes, les fibroblastes de peau, 
les myoblastes, les cellules endothelials et les cellules souches 
hematopoietiques. 

Suivant le transfer! du gene d'anticorps les cellules sont capables de secreter 
dans la circulation sanguine d'un mammifere une quantite therapeutiquement 
efficace de cet anticorps. En outre lesdites cellules possedent une longue duree 
de vie dans I'organisme du mammifere. 

C activite du anticorps est dirigee contre un antigene specif ique de cellules 
tumorales ou contre un antigene specifique de cellules infectees par un virus, i.e. 
de cellules "target", et non des cellules effectrices. 

D2 decrit des lignees cellulaires cancereuses transferees avec les vecteurs 
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consistants au moins d'une sequence codant CD80. Ces lignees sont utilisees 
pour I'induction de la proliferation et I'activite cytotoxique par des cellules 
effectrices (cellules NK, et cellules CTL). 

D3 concerne des cellules de melanome HLA-A2, qui apres la transduction sont 
capables de generer une response specifique des cellules T-lymphocytes 
cytotoxiques contre des tumeurs. 

1 .2. L'objet de la revendication 1 differe done de I'etat de la technique en ce que 

I'activite de I'anticorps produit par les cellules transformees est dirigee contre des 
cellules effectrices, ou bien en ce que le gene d'interet ne code pas pour un 
anticorps. 

L'objet de la revendication 1 est done nouveau (article 33(2) PCT). 

Le probleme que la presente invention se propose de resoudre peut done etre 
considere comme etant la mise a la disposition de materiaux biologiques 
additionnels pour la preparation de compositions pharmaceutiques destinees au 
traitement de mammiferes. 

La solution de ce probleme proposee dans la revendication 1 de la presente 
demande est consideree comme impliquant une activite inventive (article 33(3) 
PCT), et ce pour les raisons suivantes: 

D1 a D3 decrivent soit une activite de I'anticorps exprime dirige contre des cellules 
"target" , soit des reponses specifiques (proliferative, cytotoxique, ou anti- 
tumorale) effectuees par des genes d'interet therapeutique. II n^y a aucune 
indication, qui aimerait a combiner les informations desdits documents. 
II en suit qu'aucun des documents ne rend evident I'expression d'un anticorps 
dans lesdites cellules, qui serait capable de se fixer a un polypeptide present a la 
surface d'une cellule effectrice cytotoxique ou d'un lymphocyte T helper. 

Les revendications 2-14 dependent de la revendication 1 et satisfont done 
egalement, en tant que telles, aux conditions requises par le PCT en ce qui 
concerne la nouveaute et I'activite inventive. 

Ceci est aussi valable pour les revendications 15-25, qui ont pour objet des 
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compositions pharmaceutiques comprenant lesdits materiaux, I'utilisation de ce 
materiel, et le procede de fabrication d'une cellule selon ('application presente. 

1.3. Par consequent, la demande presente - selon les revendications 1 a 25 - remplit 
les conditions enoncees dans les articles 33(2) et 33(3) PCT. 
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TRAITE DE C^^ERATION EN MAT1ERE DE BF^fTS 

PCT 



RAPPORT DE RECHERCHE INTERNATIONALE 



(articl 18 et regies 43 et 44 du PCT) 



Reference du dossier du deposant ou 

dumandatalre 

340214/17794 


POUR SUITE volr te notification da transmission du rapport de recherche Internationale 
(formulalre PCT/1S A/220) et, le cas echeant, le point 5 d-apres 

A DONNER 


Demands Internationale n° 
PCT/FR 99/02551 


Date du depot International (Jour/mols/ann6e) 

20/10/1999 


(Date de prlortte (la plus anderme) 
Qour/mois/ann6e) 

22/10/1998 


Deposant 

TRANSGENE S.A. et al . 



Le present rapport de recherche Internationale, etabll par ^administration charges de Ea recherche Internationale, est transmls au 
deposant conformdment a Particle 1 8. Une cople en est transmlse au Bureau International. 



Ce rapport de recherche Internationale comprend 3 leidlles. 

|X| II est aussl accompagnd cfune cople de chaque document relatff a I'dtat de la technique qui y est cftd. 



du 

a. En ce qui concerne la lartgue, la recherche Internationale a &6 effectuee sur la base de la demands Internationale dans la 
langue dans iaquelle elle a et6 deposee, sauf Indication contralre dortnee sous le memo point 

| | la recherche Internationale a eta effectuee sur la base cTune traduction de la demande Internationale remise a radmlntstraOon. 

b. En ce qui concerne lee sequences de nucleotides ou cfacides amines drvulguees dans la demande Internationale (le cas echeant), 
la recherche Internationale a 4\6 effectuee sur la base du llstage dee sequences : 
| | contenu dans la demande Internationale, sous forme ecrtte. 

| | deposes avec la demande Internationale, sous forme dechtffraWe par ordlnateur. 

| | remls ulterleurement a I'admlnlstratlon, sous forme ecrtte. 

| | remls ulterleurement a ['administration, sous forme dechtffrable par ordlnateur. 

| | La declaration, selon Iaquelle le llstage dee sequences presents par ecrtt et fbuml ulterleurement ne vas pas au-dela de la 
divulgation farte dans la demande telle que deposes, a 6t£ Ibumle. 

I I La declaration, selon Iaquelle les Informations enregtstrees sous forme dechlffrable par ordlnateur sont kJerrUques a cellos 
du llstage des sequences presents par ecrtt, a 6t£ foumle. 

2. Q II a et* estim© que certalnes revendicatlons ne pouvaient pas fairs I'objet cTune recherche (voir le cadre I). 

3. Q II y a abs4MK»tf united© l'Inv©ntion (voir le cadre II). 



4. En ce qui concerne le titre, 

|X| le texte est approuve tel qull a eta* remls par le deposant 

I I Le texte a 6t£ etabfl par I'admlnlstratlon et a la teneur sutvante: 



5. En ce qui concerne I'ahrege, 

|Y] le texte est approuvd tel qull a etd remls par le deposant 

□ le texte (reprodutt dans le cadre III) a dtd etabll par radmlnlstratlon conformement a la regie 38.2b). Le deposant peut 
presenter des observations a I'admlnlstratlon dans un delal d*un mols a compter de la date d'expedWon du present rapport 
de recherche IrrtematJonale. 

6. La figure des dessins a publler avec I'abregd est la Figure n° 

I I sugggree par le deposant. [T] Aucune des figures 

n'est a Dubller. 

pares que le deposant n'a pas suggerd de figure. K 
I I parce que cette figure caractdrtse mleux ('Invention. 
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examples 

claims 

S. DESSUREAULT ET AL.: "Allogeneic 

lymphocyte responses to B7-1 expressing 

human cancer cell lines." 

JOURNAL OF SURGICAL RESEARCH, 
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*A" document defining the general state of the art which ts not 
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Demande Internationale no 
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Date de priorite (jour/mo is/an nee) 
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TRANSGENE S.A. etc 



1. II est notifie par la presente qu'a la date indiquee ci-dessus comme date d'expedition de cet avis, le Bureau international a 
communique, comme le prevoit rarticle 20, la demande Internationale aux offices designes suivants: 
AU,JP,US 



Conformement a la regie 47.1.c), troisieme phrase, ces offices acceptent le present avis comme preuve determinate 
du fait que la communication de la demande international a bien eu lieu a la date d'expedition indiquee plus haut, et le 
deposant n'est pas tenu de remettre de copie de la demande internationale a 1'office ou aux offices designes. 

2. Les offices designes suivants ont renonce a I'exigence selon laquelle cette communication doit etre effectuee a cette date: 
CA,EP 



La communication sera effectuee seulement sur demande de ces offices. De plus, le deposant n'est pas tenu de remettre 
de copie de la demande internationale aux offices en question (regie 49.1)a-bis)). 

3. Le present avis est accompagne d'une copie de la demande internationale publiee par le Bureau international le 
04 mai 2000 (04.05.00) sous le numero WO 00/24896 



RAPPEL CONCERNANT LE CHAPITRE II (article 31.2)a) et regie 54.2) 

Si le deposant souhaite reporter I'ouverture de la phase nationale jusqu'a 30 mois (ou plus pour ce qui concerne certains 
offices) a compter de la date de priorite, la demande d'examen preliminaire international doit etre presentee a 
{'administration competente chargee de Texamen preliminaire international avant ('expiration d'un delai de 19 mois a 
compter de la date de priorite. 

II appartient exclusivement au deposant de veiller au respect du delai de 19 mois. 

II est a noter que seul un deposant qui est ressortissant d'un Etat contractant du PCT lie par le chapitre II ou qui y a son 
domicile peut presenter une demande d'examen preliminaire international. 

RAPPEL CONCERNANT L'OUVERTURE DE LA PHASE NATIONALE (article 22 ou 39.1)) 

Si le deposant souhaite que la demande internationale procede en phase nationale, il doit, dans le delai de 20 mois ou 
de 30 mois, ou plus pour ce qui concerne certains offices, accomplir les actes mentionnes dans ces dispositions aupres 
de chaque office designe ou elu. 

Pour d'autres informations importantes concernant les delais et les actes a accomplir pour I'ouverture de la phase 
nationale, voir Tannexe du formulaire PCT/18/301 (Notification de la reception de I'exemplaire original) et le volume II 
du Guide du deposant du PCT. 



Bureau international de I'OMPI 


Fonctionnaire autorise 


34, chemin des Colombettes 


J. Zahra 


1211 Geneve 20, Suisse 


no de telecopieur (41-22) 740.14.35 


no de telephone (41-22) 338.83.38 



Formulaire PCT/IB/308 Guillet 1996) 3247971 



TRAITE 



OOPERATION EN MATIERTOE BREVETS 



f A ADD2g| PCT 



RAPPORT D'EXAMEN PRELIMINAIRE INTERNATIONAL 

(article 36 et regie 70 du PCT) 



Reference du dossier du deposant ou du 
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voir la notification de transmission du rapport d'examen 
POUR SUITE A DONNER preliminaire international (formulaire PCTI7IPEA/416) 
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Date de priorite (jour/mois/ann6e) 
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Classification Internationale des brevets (CIB) ou a la fois classification nationale et CIB 
C12N15/13 



Deposant 

TRANSGENE S.A. et al. 



1 . Le present rapport d'examen preliminaire international, etabli par I'administaration chargee de I'examen preliminaire 
international, est transmis au deposant conformement a Particle 36. 

2. Ce RAPPORT comprend 6 feuilles, y compris la presente feuille de couverture. 

□ II est accompagne d'ANNEXES, c'est-a-dire de feuilles de la description, des revendications ou des dessins qui ont 
ete modifiees et qui servent de base au present rapport ou de feuilles contenant des rectifications faites aupres de 
I'administration chargee de I'examen preliminaire international (voir la regie 70.16 et ('instruction 607 des Instructions 
administratives du PCT). 

Ces annexes comprennent feuilles. 



3. Le present rapport contient des indications relatives aux points suivants: 
I 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



i la nouveaute, I'activite inventive et la possibility 



Base du rapport 
Priorite 

Absence de formulation d'opinion qu; 
d'application industrielle 

Absence d'unite de ("invention 

Declaration motivee selon Particle 35(2) quant a la nouveaute, I'activite inventive et la posstbiltte 
d'application industrielle; citations et explications a I'appui de cette declaration 



Date de presentation de la demande d'examen preliminaire 
internationate 

16/05/2000 



Norn et adresse postale de I'administration chargee de 
I'examen preliminaire international: 

Office europ^en des brevets 
D-80298 Munich 
-* 4W T6I. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Date d'achevement du present rapport 
24.08.2000 



Fonctionnaire autoris£ 
Novak, S 

N° de telephone +49 89 2399 8930 
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RAPPORT DEXAMEN 
PRELIMINAIRE INTERNATIONAL 



Demande intemationale n° PCT/FR99/02551 



1. Base du rapport 

1 Ce rapport a ete redige sur la base des elements ci-apres {les feuiltes de remplacement qui ont ete remises a 
i'office recepteur en reponse a une invitation faite conformement a I'article 14 sont considerees, dans le present 
rapport, comme "initialement deposees" et ne sont pas jointes en annexe au rapport puisqu'elles ne conttennent 
pas de modifications.) : 

Description, pages: 

1 -27 version initiale 

R vendications, N°: 

1-25 version initiale 

Dessins, feuilles: 

1/6-6/6 version initiale 

2. Les modifications ont entraine I'annulation : 

□ de la description, pages : 

□ des revendications, n os : 

□ des dessins, feuilles : 

3. □ Le present rapport a ete formule abstraction faite (de certaines) des modifications, qui ont ete considerees 

comme allant au-dela de Texpose de I'invention tel qu i! a ete depose, comme il est indique ci-apres 
(regie 70.2(c)) : 



4. Observations complementaires, le cas echeant : 
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V. Declaration motiv e selon larticl 35(2) quant a la nouveaute, I'activite inventive et la possibilit 
^application industrielle; citations et explications a I'appui de cette declaration 

1. Declaration 

Nouveaute Oui : Revendications 1-25 

Non : Revendications 

Activite inventive Oui : Revendications 1-25 

Non : Revendications 

Possibility d'application industrielle Oui : Revendications 1 - 25 

Non : Revendications 



2. Citations et explications 
voir feuille separee 
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RAPPORT D" EXAM EN Demande intemationale n° PCT/FR99/02551 
PRELIMINAIRE INTERNATIONAL - FEUILLE SEPAREE 

II est fait reference aux documents suivants: 

D1: FR-A-2 758 569 (CNRS) 24 juillet 1998 

D2: S. DESSUREAULT ET AL: JOURNAL OF SURGICAL RESEARCH, vol. 64, 

no. 1, 15 juillet 1996, pages 42-48 
D3: A. GUARINI ET AL: CYTOKINES AND MOLECULAR THERAPY, vol. 1, 

no. 1, mars 1995, pages 57-64 

Les numeros d'ordre qui leur sont attribues ci-apres, seront utilises dans toute la suite 
de la procedure. 

ad V. 

1 . Nouveaute (article 33(2) PCT et Activite Inventive (article 33(3) PCT) 

1.1. Les procedes objets des revendications 1 a 25 sont consideres comme nouveaux 
et inventifs au vu des documents D1 a D3. 

D1 divulgue un materiel biologique pour la preparation de compositions 
pharmaceutiques destinees a traiter un mammifere par transfert de gene 
d'anticorps dans des cellules de mammifere et une composition pharmaceutique 
concernant cet anticorps. 

Lesdites cellules de mammifere, qui ne produisent pas naturellement d' anticorps 
ont ete choisies parmi les keratinocytes, les hepatocytes, les fibroblastes de peau, 
les myoblastes, les cellules endothelials et les cellules souches 
hematopoietiques. 

Suivant le transfert du gene d'anticorps les cellules sont capables de secreter 
dans la circulation sanguine d'un mammifere une quantite therapeutiquement 
efficace de cet anticorps. En outre lesdites cellules possedent une longue duree 
de vie dans I'organisme du mammifere. 

L' activite du anticorps est dirigee contre un antigene specif ique de cellules 
tumorales ou contre un antigene specifique de cellules infectees par un virus, i.e. 
de cellules "target", et non des cellules effectrices. 

D2 decrit des lignees cellulaires cancereuses transferees avec les vecteurs 
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RAPPORT D' EX AMEN Demande internationale n° PCT/FR99/02551 
PRELIMINAIRE INTERNATIONAL - FEUILLE SEPAREE 

consistants au moins d'une sequence codant CD80. Ces lignees sont utilisees 
pour I'induction de la proliferation et I'activite cytotoxique par des cellules 
effectrices (cellules NK, et cellules CTL). 

D3 concerne des cellules de melanome HLA-A2, qui apres la transduction sont 
capables de generer une response specifique des cellules T-lymphocytes 
cytotoxiques contre des tumeurs. 

1.2. L'objet de la revendication 1 differe done de I'etat de la technique en ce que 

I'activite de I'anticorps produit par les cellules transformees est dirigee contre des 
cellules effectrices, ou bien en ce que le gene d'interet ne code pas pour un 
anticorps. 

L'objet de la revendication 1 est done nouveau (article 33(2) PCT). 

Le probleme que la presente invention se propose de resoudre peut done etre 
considere comme etant la mise a la disposition de materiaux biologiques 
additionnels pour la preparation de compositions pharmaceutiques destinees au 
traitement de mammiferes. 

La solution de ce probleme proposee dans la revendication 1 de la presente 
demande est consideree comme impliquant une activite inventive (article 33(3) 
PCT), et ce pour les raisons suivantes: 

D1 a D3 decrivent soit une activite de I'anticorps exprime dirige contre des cellules 
"target" , soit des reponses specifiques (proliferative, cytotoxique, ou anti- 
tumorale) effectuees par des genes d'interet therapeutique. II n'y a aucune 
indication, qui aimerait a combiner les informations desdits documents. 
II en suit qu'aucun des documents ne rend evident I'expression d'un anticorps 
dans lesdites cellules, qui serait capable de se fixer a un polypeptide present a la 
surface d'une cellule effectrice cytotoxique ou d'un lymphocyte T helper. 

Les revendications 2-14 dependent de la revendication 1 et satisfont done 
egalement, en tant que telles, aux conditions requises par le PCT en ce qui 
concerne la nouveaute et I'activite inventive. 

Ceci est aussi valable pour les revendications 15-25, qui ont pour objet des 
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compositions pharmaceutiques comprenant lesdits materiaux, I'utilisation de ce 
materiel, et le precede de fabrication d'une cellule selon I'application presente. 

1.3. Par consequent, la demande presente - selon les revendications 1 a 25 - remplit 
les conditions enoncees dans les articles 33(2) et 33(3) PCT. 
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NOTIFICATION DE TRANSMISSION DU 
RAPPORT D'EXAMEN PRELIMINAIRE 
INTERNATIONAL 

(regie 71.1 du PCT) 



Reference du dossier du deposant ou du mandataire 
340214/17794 



Demande internationale No. 
PCT/FR99/02551 



Date cTexpeclition 

(jour/mois/ann6e) 24.08.2000 



NOTIFICATION IMPORTANTE 



Date du d£pot international (jour/mois/ann&e) 
20/10/1999 



Date de priority (jour/mois/ann6e) 
22/10/1998 



Deposant 

TRANSGENE S.A. et al. 



1 . II est notifie au deposant que I'administration chargee de I'examen preliminaire international a etabli le rapport 
d'examen preliminaire international pour la demande internationale et le lui transmet ci-joint, accompagne, le 
cas echeant, de ces annexes. 

2. Une copie du present rapport et, le cas echeant, de ses annexes est transmise au Bureau international pour 
communication a tous les offices elus. 

3. Si tel ou tel office elu I'exige, le Bureau international etablira une traduction en langue anglaise du rapport (a 
I'exclusion des annexes de celui-ci) et la transmettra aux offices interesses. 



4. RAPPEL 

Pour aborder la phase nationale aupres de chaque office elu, le deposant doit accomplir certains actes (depot 
de traduction et paiement des taxes nationales) dans le delai de 30 mois a compter de la date de priorite (ou 
plus tard pour ce qui conceme certains offices) (article 39.1) (voir aussi le rappel envoye par le Bureau 
international dans le formulaire PCT/IB/301). 

Losrqu'une traduction de la demande internationale doit etre remise a un office elu, elle doit comporter la 
traduction de toute annexe du rapport d'examen preliminaire international. II appartient au deposant d'etablir la 
traduction en question et de la remettre directement a chaque office elu interesse. 

Pour plus de precisions en ce qui conceme les delais applicables et les exigences des offices elus, voir le 
Volume II du Guide du deposant du PCT. 



Nom et adresse postale de I'adminstration charged de I'examen 
preliminaire international 

Office europ^en des brevets 
D-80298 Munich 

T6I. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Fonctionnaire autorise* 
Vullo, C 

TeT+49 89 2399-8061 



Formulaire PCT/IPEA/416 Quillet 1992) 



TRAITE D^OOPERATION EN MAT^Re 

PCT 

RAPPORT D'EXAMEN PRELIMINAIRE INTERNATIONAL 

(article 36 et regie 70 du PCT) 



Reference du dossier du ddposant ou du 

mandataire 

340214/17794 



Demande intemationale n° 
PCT/FR99/02551 



voir la notification de transmission du rapport d'examen 
POUR SUITE A DONNER preliminaire international (formulaire PCT/IPEA/416) 



Date du ddpot international (Jour/mois/annSe) 
20/10/1999 



Date de priority (jour/mois/ann6e) 
22/10/1998 



Classification intemationale des brevets (CIB) ou a la fois classification nationale et CIB 
C12N15/13 



D£posant 

TRANSGENE S.A. et aL 



1 . Le present rapport d'examen preliminaire international, etabli par I'administaration chargee de I'examen preliminaire 
international, esttransmis au deposant conformement a rarticle 36. 

2. Ce RAPPORT comprend 6 feuilles, y compris la presente feuille de couverture. 

□ II est accompagne d'ANNEXES, c'est-a-dire de feuilles de la description, des revendications ou des dessins qui ont 
ete modifiees et qui servent de base au present rapport ou de feuilles contenant des rectifications fattes aupres de 
(•administration charaee de I'examen preliminaire international (voir la regie 70.16 et I'instruction 607 des Instructions 



Padministration chargee de I'examen preliminaire i 
administratives du PCT). 

Ces annexes comprennent feuilles. 



3. Le present rapport contient des indications relatives aux points suivants: 

I B Base du rapport, 

II □ Priorite 

III □ Absence de formulation d'opinion quant a la nouveaute, I'activite inventive et la possibilite 

d'application industrielle 

IV □ Absence d'unite de I'invention 

V H Declaration motivee selon rarticle 35(2) quant a la nouveaute, I'activite inventive et la possibilite 

d'application industrielle; citations et explications a I'appui de cette declaration 

VI □ Certains documents cites 

VII □ Irregularis dans la demande intemationale 

VIII □ Observations relatives a la demande Internationale 



Date de presentation de la demande d'examen preliminaire 
intemationale 

16/05/2000 


Date d'achevement du present rapport 
24.08.2000 


Nom et adresse postale de ('administration charged de 
I'examen preliminaire international: 

^ Office europeen des brevets 
D-80298 Munich 
ZZr' Tel. +49 89 2399 - 0 Tx: 5236S6 epmu d 
Fax: +49 89 2399 - 4465 


Fonctionnaire autorise ^y£Sc^£^ 

Novak, S \ ™ )) 
N" de telephone +49 89 2399 8930 
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Demande intemationale n° PCT/FR99/02551 



1. Base du rapport 

1 Ce rapport a ete redige sur la base des elements ci-apres (les feuilles de remplacement qui ont ete remises a 
i'office recepteur en reponse a une invitation faite conformement a I'article 14 sont considerees, dans le present 
rapport, comme "initialement deposees" et ne sont pas jointes en annexe au rapport putsqu'elles ne conttennent 
pas de modifications) : 

Description, pages: 

1 -27 version initiale 

R vendications, N°: 

1-25 version initiale 

D ssins, feuilles: 

1/6-6/6 version initiale 

2. Les modifications ont entraine i'annulation : 

□ de la description, pages: 

□ des revendications, n os : 

□ des dessins, feuilles : 

3 □ Le present rapport a ete formule abstraction faite (de certaines) des modifications, qui ont ete considerees 
comme allant au-dela de I'expose de Tinvention tel qu'il a ete depose, comme il est indique ci-apres 
(regie 70.2(c)) : 

4. Observations complementaires, le cas echeant : 
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Demande intemationale n° PCT/FR 99/02 551 



V. Declaration motivee selon 1'article 35(2) quant a la nouveaute, I'activite inventive t la possibilite 
duplication industrielle; citations et explications a l appui de cette declaration 

1. Declaration 

Nouveaute Oui : Revendications 1-25 

Non : Revendications 

Activite inventive Oui : Revendications 1 - 25 

Non : Revendications 

Possibilite d'application industrielle Oui : Revendications 1 - 25 

Non : Revendications 



2. Citations et explications 
voir feuille separee 
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II est fait reference aux documents suivants: 

D 1 . FR-A-2 758 569 (CNRS) 24 juillet 1 998 

D2: S. DESSUREAULT ET AL: JOURNAL OF SURGICAL RESEARCH, vol. 64, 

no. 1, 15 juillet 1996, pages 42-48 
D3: A. GUARINI ET AL: CYTOKINES AND MOLECULAR THERAPY, vol. 1, 

no. 1, mars 1995, pages 57-64 

Les numeros d'ordre qui leur sont attribues ci-apres, seront utilises dans toute la suite 
de la procedure. 

ad V. 

1 . Nouveaute (article 33(2) PCT et Activite Inventive (article 33(3) PCT) 

1.1. Les procedes objets des revendications 1 a 25 sont consideres comme nouveaux 
et inventifs au vu des documents D1 a D3. 

D1 divulgue un materiel biologique pour la preparation de compositions 
pharmaceutiques destinees a traiter un mammifere par transfert de gene 
d'anticorps dans des cellules de mammifere et une composition pharmaceutique 
concernant cet anticorps. 

Lesdites cellules de mammifere, qui ne produisent pas naturellement d' anticorps 
ont ete choisies parmi les keratinocytes, les hepatocytes, les fibroblastes de peau, 
les myoblastes, les cellules endothelials et les cellules souches 
hematopoietiques. 

Suivant le transfert du gene d'anticorps les cellules sont capables de secreter 
dans la circulation sanguine d'un mammifere une quantite therapeutiquement 
efficace de cet anticorps. En outre lesdites cellules possedent une longue duree 
de vie dans I'organisme du mammifere. 

L" activite du anticorps est dirigee contre un antigene specifique de cellules 
tumorales ou contre un antigene specifique de cellules infectees par un virus, i.e. 
de cellules "target", et non des cellules effectrices. 

D2 decrit des lignees cellulaires cancereuses transferees avec les vecteurs 
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consistants au moins d'une sequence codant CD80. Ces lignees sont utilisees 
pour I'induction de la proliferation et I'activite cytotoxique par des cellules 
effectrices (cellules NK, et cellules CTL). 

D3 concerne des cellules de melanome HLA-A2, qui apres la transduction sont 
capables de generer une response specifique des cellules T-lymphocytes 
cytotoxiques contre des tumeurs. 

1.2. L'objet de la revendication 1 differe done de I'etat de la technique en ce que 

I'activite de I'anticorps produit par les cellules transformees est dirigee contre des 
cellules effectrices, ou bien en ce que le gene d'interet ne code pas pour un 
anticorps. 

L'objet de la revendication 1 est done nouveau (article 33(2) PCT). 

Le probleme que la presente invention se propose de resoudre peut done etre 
considere comme etant la mise a la disposition de materiaux biologiques 
additionnels pour la preparation de compositions pharmaceutiques destinees au 
traitement de mammiferes. 

La solution de ce probleme proposee dans la revendication 1 de la presente 
demande est consideree comme impliquant une activite inventive (article 33(3) 
PCT), et ce pour les raisons suivantes: 

D1 a D3 decrivent soit une activite de I'anticorps exprime dirige contre des cellules 
"target" , soit des reponses specifiques (proliferative, cytotoxique, ou anti- 
tumorale) effectuees par des genes d'interet therapeutique. II n^y a aucune 
indication, qui aimerait a combiner les informations desdits documents. 
II en suit qu'aucun des documents ne rend evident I'expression d'un anticorps 
dans lesdites cellules, qui serait capable de se fixer a un polypeptide present a la 
surface d'une cellule effectrice cytotoxique ou d'un lymphocyte T helper. 

Les revendications 2-14 dependent de la revendication 1 et satisfont done 
egalement, en tant que telles, aux conditions requises par le PCT en ce qui 
concerne la nouveaute et I'activite inventive. 

Ceci est aussi valable pour les revendications 15-25, qui ont pour objet des 
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compositions pharmaceutiques comprenant lesdits materiaux, I'utilisation de ce 
materiel, et le precede de fabrication d'une cellule selon I'application presente. 

1.3. Par consequent, la demande presente - selon les revendications 1 a 25 - remplit 
les conditions enoncees dans les articles 33(2) et 33(3) PCT. 



Formulaire PCT/Feuille s<*par<5e/409 (feuille 3) (OEB-avril 1997) 



PCT/FR99/02551 



TRAITE D^OOPERATION EN MATIEF^>E BREVETS 

Expediteur: le BUREAU INTERNATIONAL 



^PCT- A?R ™ 



NOTIFICATION DE LA RECEPTION DE 
L'EXEMPLAIRE ORIGINAL 

(regie 24.2.a) du PCT) 



Destinataire: 



MARTIN, Jean-Jacq 
Cabinet Regimbeau 
26, avenue Kleber 
F-75116 Paris 
FRANCE 




Date d'expedition (jour/mois/annee) 
15 novembre 1999 (15.11.99) 


NOTIFICATION IMPORTANTE 


Reference du dossier du deposant ou du mandataire 
340214/17794 


Demande Internationale no 
PCT/FR99/02551 



II est notifie au deposant que le Bureau international a regu I'exemplaire original de la demande Internationale precisee 
ci-apres. 

Nom(s) du ou des deposants et de I'Etat ou des Etats pour lesquels ils sont deposants: 
TRANSGENE S.A. (pour tous les Etats designes sauf US) 
ACRES, Bruno etc. (pour US seulement) 

Date du depot international : 20 OCtobre 1 999 (20. 1 0.99) 

Date(s) de priorite revendiquee(s) : 22 OCtobre 1 998 (22. 1 0.98) 

Date de reception de I'exemplaire original 
par le Bureau international : 

Liste des offices designes : 



08 novembre 1999 (08.11.99) 



EP ^T^E^CH^^D^DK^ES^LFR^B^GRJEJT^U^CNUP^SE 
National :AU,CA,JP,US 



ATTENTION 

Le deposant doit soigneusement verifier les indications figurant dans la presente notification. En cas de divergence entre ces 
indications et celles que contient la demande Internationale, il doit aviser immediatement le Bureau international. 

En outre, ('attention du deposant est appelee sur les renseignements donnes dans Tannexe en ce qui concerne 



les delais dans lesquels doit etre abordee la phase nationale 
| X | la confirmation des designations faites par mesure de precaution 
| | les exigences relatives aux documents de priorite. 



Une copie de la presente notification est envoyee a I'office recepteur et a I'administration chargee de la recherche internationale. 



Bureau international de I'OMPI 


Fonctionnaire autorisftc^^ j/^~^> 




34, chemin des Colombettes 


S. Baharlou 




1211 Geneve 20, Suisse 






n*de telecop'eur (41-22) 740.14.35 


n'de telephone (41 -22) 338.83.38 




Formulaire PCT/IB/301 (juillet 1998) 




002951916 



hj^BmuljMRe pct/ib/301 j^p 



|ande Internationale no 
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RENSEIGNEMENTS CONCERNANT LES DELAIS DANS LESQUELS DOIT ETRE ABORDEE 

LA PHASE NATIONALE 

II est rappele au deposant qu'il doit aborder la "phase nationale" aupres de chacun des offices designes indiques sur la 
notification de la reception de I'exemplaire original (formulaire PCT/IB/301) en payant les taxes nationals et en remettant les 
traductions, telles qu'elies sont prescrites par les legislations nationales. 

Le delai d'accomplissement de ces actes de procedure est de 20 MOIS a compter dela date de priorite ou, pour les Etats 
designes qui ont ete elus par le deposant dans une demande d'examen preliminaire international ou dans une election ulterieure, 
de 30 MOIS a compter de la date de priorite, a condition que cette electionait ete effectuee avant I'expiration du 19e mots a 
compter de la date de priorite. Certains offices designes (ou elus) ont fixe des delais qui expirent au-dela de 20 ou 30 mois a 
compter de la date de priorite. D'autres offices accordent une prolongation des delais ou un delai de grace, dans certains cas 
moyennant le paiement d'une taxe supplemental. 

En plus de ces actes de procedure, le deposant devra dans certains cas satisfaire a d'autres exigences particulieres 
applicables dans certains offices. II apparent au deposant de veiller a remplir en temps voulu les conditions requises pour 
I'ouverture de la phase nationale. La majorite des offices designes n'envoient pas de rappel a I'approche de ia date limite pour 
aborder la phase nationale. 

Des informations detail lees concernant les actes de procedure a accomplir pour aborder la phase nationale aupres de 
chaque office designe, les delais applicables et la possibilrte d'obtenir une prolongation des delais ou un delai de grace et toutes 
autres conditions applicables figurent dans le volume II du Guide du deposant du PCT. Les exigences concernant le depot d'une 
demande d'examen preliminaire international sont exposees dans le chapitre IX du volume I du Guide du deposant du PCT. 

GR et ES sont devenues liees par le chapitre II du PCT le 7 septembre 1996 et le 6 septembre1997, respectivement, et 
peuvent done etre elues dans une demande d'examen preliminaire international ou dans une election ulterieure presentee le 7 
septembre 1996 (ou a une date posterieure) ou le 6 septembre 1997 (ou a une date posterieure), respectivement, quelle que soit 
la date de depot de la demande internationale (voir le second paragraphe, ci-dessus). 

Veuiliez noter que seul un deposant qui est ressortissant d'un Etat contractant du PCT lie par le chapitre II ou qui y a 
son domicile peut presenter une demande d'examen preliminaire international. 



CONFIRMATION DES DESIGNATIONS FAITES PAR MESURE DE PRECAUTION 

Seules les designations expresses faites dans la requete conformement a la regie 4.9.a) figurent dans la presente 
notification. II est important de verifier si ces designations ont ete faites correctement. Des erreurs dans les designations peuvent 
etre corrigees lorsque des designations ont ete faites par mesure de precaution en vertu de la regie 4.9.b). Toute designation 
ainsi faite peut etre confirmee conformement aux dispositions de la regie 4.9.c) avant ('expiration d'un delai de 15 mois a 
compter de la date de priorite. En I'absence de confirmation, une designation faite par mesure de precaution sera consideree 
comme retiree par le deposant. II ne sera adresse aucun rappel ni invitation. Pour confirmer une designation , il faut deposer une 
declaration precisant I'Etat designe concerne (avec Indication de la forme de protection ou de traitement souhaitee) et payer les 
taxes de designation et de confirmation. La confirmation doit parvenir a I'office recepteur dans le delai de 15 mois. 

EXIGENCES RELATIVES AUX DOCUMENTS DE PRIORITE 



Pour les deposants qui n'ont pas encore satisfait aux exigences relatives aux documents de priorite, il est rappele ce qui 



suit. 



Lorsque la priorite d'une demande nationale, regionale ou internationale anterieure est revendiquee, le deposant doit 
presenter une copie de cette demande anterieure, certifiee conforme par ('administration aupres de laquelle elle a ete deposee 
("document de priorite"), a I'office recepteur (qui la transmettra au Bureau international) ou directement au Bureau international, 
avant t'expiration d'un delai de 16 mois a compter de la date de priorite, etant entendu que tout document de priorite peut etre 
presente au Bureau international avant la date de publication de la demande internationale, auquel cas ce document sera repute 
avoir ete recu par le Bureau international le dernier jour du delai de 1 6 mois (regie 1 7.1 .a)). 

Lorsque le document de priorite est delivre par I'office recepteur, le deposant peut, au lieu de presenter ce document, 
demander a I'office recepteur de le preparer et de le transmettre au Bureau international. La requete a cet effet doit etre 
formutee avant I'expiration du delai de 16 mois et peut etre soumise au paiement d'une taxe (regie 17.1.b)). 

Si le document de priorite en question n'est pas fourni au Bureau international, ou si la demande adressee a I'office recepteur 
de preparer et de transmettre le document de priorite n'a pas ete faite (et la taxe correspondante acquittee, le cas echeant) 
avant I'expiration du delai applicable mentionne aux paragraphes precedents, tout Etat designe peut ne pas tenir compte 
de la revendication de priorite; toutefois, aucun office designe ne peut decider de ne pas tenir compte de la revendication de 
priorite avant d'avoir donne au deposant la possibility de remettre le document de priorite dans un delai raisonnable en I espece. 

Lorsque plusieurs priorites sont revendiquees, la date de priorite a prendre en consideration aux fins du calcul du delai de 
16 mois est la date du depot de la demande la plus ancienne dont la priorite est revendiquee. 
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PCT/FR99/02551 

TRAITE D^OOPERATION EN MATIER E BREVETS 



Expediteur : le BUREAU INTERNATIONAL 



PCT 


Destinataire: 


NOTIFICATION RELATIVE 
A LA PRESENTATION OU A LA TRANSMISSION 
DU DOCUMENT DE PRIORITE 

(instruction aurninisiraiive *f i i uu ro i / 


MARTIN Jf*an-Jaeaues 
Cabinet Regimbeau 
26, avenue Kleber 
F-751 16 Paris 
FRANCE 


Date d'expedition (jour/mo is/an nee) 

15 novembre 1999 (15.11.99) 






Reference du dossier du deposant ou du mandataire 
340214/17794 


NO I IHCA 1 IUIM livlrvJri 1 AIM 1 1 


Demande internationale no 
PCT/FR99/02551 


Date du depot international (jour/mois/annee) 
20 octobre 1999 (20.10.99) 


Date de publication internationale (jour/mois/annee) 

Pas encore publiee 


Date de priorite (jour/mois/annee) 
22 octobre 1998 (22.10.98) 


Deposant 




TRANSGENE S.A. etc 




1. La date de reception (sauf lorsque les lettres "NR" figurent dans la colonne de droite) par le Bureau international du ou des 
documents de priorite correspondant a la ou aux demandes enumerees ci-apres est notifiee au deposant. Sauf indication 
contraire consistent en un asterisque figurant a cote d'une date de reception, ou les lettres "NR", dans la colonne de droite, 
le document de priorite en question a ete presente ou transmis au Bureau international d'une maniere conforme a la 
regie 17.1. a) ou b). 

2. Ce formulaire met a jour et remplace toute notification relative a la presentation ou a la transmission du document de priorite 
qui a ete envoyee precedemment. 

3. Un asterisque^*) figurant a cote d'une date de reception dans la colonne de droite signale un document de priorite presente 
ou transmis au Bureau international mais de maniere non conforme a la regie 17.1. a) ou b). Dans ce cas, I'attention du 
deposant est appelee sur la regie 17.1.c) qui stipule qu'aucun office designe ne peut decider de ne pas tenir compte de la 
revendication de priorite avant d'avoir donne au deposant la possibility de remettre le document de priorite dans un delai 
raisonnable en Tespece. 

4. Les lettres "NR" figurant dans la colonne de droite signalent un document de priorite que le Bureau international n*a pas 
recu ou que le deposant n'a pas demande a I'office recepteur de preparer et de transmettre au Bureau international, 
conformement a la regie 17.1. a) ou b), respectivement. Dans ce cas, I'attention du deposant est appelee sur la regie 17.1.c) 
qui stipule qu'aucun office designe ne peut decider de ne pas tenir compte de la revendication de priorite avant d'avoir donne 
au deposant la possibility de remettre le document de priorite dans un delai raisonnable en I'espece. 


Date de Driorite Demande de Driorite n* Pavs. office reaional ou Date de reception du 

office receoteur selon le PCT document de Driorite 


22 octo 1998 (22.10.98) 98/13279 


FR 08 nove 1999 (08.11.99) 


Bureau international de I'OMPI 
34, chemin des Colombettes 
1211 Geneve 20. Suisse 

no de telecopieur (41-22) 740.14.35 


Fonctionnaire autorise:^^,. f^~^> 

S. Baharlou 

no de telephone (41-22) 338.83.38 
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PCT 



n@&® Q4 A PR 200 

Le soussigne requiert que la presente demande 
intemationale soit traitee conformement au Traite de 
cooperation en matiere de brevets. 



. ~;ficc rdcepteur 



Demande intemationale n° 



« t Date du d£pot international 



Nom de Toffice recepteur et "Demande intemationale PCT" 



Reference du dossier du deposant ou du mandataire (facultatif) 



Cadre n<> I TITRE DE L'INVENTION MATERIEL BIOLOGIQUE POUR LA PREPARATION DE 
COMPOSITIONS PHARMACEUTIQUES DESTINEES AU TRAITEMENT DE MAMMIFERES 


Cadre n° II DEPOSANT 




Nom et adresse : (Nom defamille suivi du prenom; pour une personne morale. d ftg™f'°" 
officielle complete. L 'adresse doit comprendre lecode postal et le nom du pays. Lepaysde 
Kdr%% indiguee dans ce cadre est I 'Btat ou le deposant a son domicile si aucun domicile 
n 'est indique ci-dessous.) 

TRANSGENE S.A. 
11 Rue de Molsheim 
67000 STRASBOURG 
FRANCE 


| 1 Cette personne est aussi 
1— 1 inventeur. 


n°de telephone 


n°de telecopieur 


n°de t61£imprimeur 


Nationalite (nom de l'Etat) : 
FR 


Domicile (nom de l'Etat) : 
FR 


Certe oersonne est i 1 tousles Etats v—i tous les Etats designes sauf | 1 les Etats-Umsd'Am6nque i | les Etats indiqu6s dans 

^sSS^) Jr ■ □ SsigSs M les Etats-Unis d'Amenque 1_J seulement LJ le cadre supplements 


Cadre n- III AUTRE(S) DEPOSANT(S) OU (AUTRE(S)) INVENTEUR(S) 


Nom et adresse : (Nom de famille suivi du prenom; pour une personne morale, designation 
omcielle complete L adresse doit comprendre le code postal et le nom du pays. Le pays de 
Wd^e tnTqiiedar^ ce cadre est I 'Etat ou le deposant a son domicile si aucun domicile 
n 'est indique ci-dessous.) 

ACRES Bruno 

10 Rue Jean Hermann 

67000 STRASBOURG 

FRANCE 


Cette personne est : 

| | deposant seulement 

| x| deposant et inventeur 

| | inventeur seulement 
(Si cette case est cochee, 
ne pas rempl ir la suite.) 


Nationalite (nom de PEtat) : 
CA 


Domicile (nom de TEtat) : 
FR 


asss? - □ ssf □ BStfaasas b sasr ™— □ sassea? ' 


| x| D'autres deposants ou inventeurs sont indiques sur une feuille annexe. 


Cadre n- IV MANDATAIRE OU REPRESENTANT COMMUN; OU ADRESSE POUR LA CORRESPONDANCE 


La personne dont Tidentite est donneeci-dessousest/aete designee pour agirau nom i„ i man d a taire | 1 representant commun 
du ou des deposants aupres des autorites internationales competentes, comme: 1 1 i — I 


Nom et adresre : (Nom de famille suivi du prenom; pour une personne morale, designation officielle 

complete L 'adresse doit comprendre le code postal et le nom dupaysj 
MARTIN Jean-Jacques, SCHRIMPF Robert, AHNER Francis 
WARC0IN Jacques, TEXIER Christian, LE FORESTIER Eric 
CABINET REGIMBEAU 
26 Avenue Kleber 
75116 PARIS 
FRANCE 


n°det6!6phone 

01 45 00 92 02 


n°de telecopieur 

01 /i5 OO /i6 1? 


n° de Vt 16imprimcur 


i 1 a a rAccA nrt „r i* rArrwnftndance * cocher cette case lorsque aucun mandataire m reprdsentant commun n est/n a ete designe 

□ e, £3S P « S-^JlXer «-* adresse speciale a laquclle la correspondance doit ctre envoy*. 



Feuillc n° 



Suite du cadre n« III AUTRE(S) DEPOSANT(S) OU (AUTRE(S)) INVENTEUR(S) 



Si aucutt des sous-cadres suivants n 'est utilise, cettefeuille ne doit pas etre incluse dans la requite. 


" ki Ar-r>.r-c-.-> • /x'^im n fnmiHo vtjtvi Au nrenom' Dour une personne morale, designation 

Nom ct adresse . ftsom ae jamitie suivi u« yrcfiurfi. py" r , , . <=> ■ 

officielle complete. L 'adresse doit comprendre le code postal et le nom du pays, Le pays de 

I adresse tndiquee dans ce cadre est I 'Elat ou le deposant a son domicile si aucun domicile 

n est indique ci-dessous.) 

PAUL Stephane 

7 Rue du Vieux Marche aux Poissons 

67000 STRASBOURG 

FRANCE 


Cette personne est : 

| | deposant seulement 

|X | deposant et inventeur 

1 1 inventeur seulement 

(Si cette case est cochee, 
ne pas remplir la suite.) 


Nationality (nom de I'Etat) : 
FR 


Domicile (nom de PEtat) : 
FR 


Cette personne est I 1 tousles Etats I | tousles Etats des ignes sauf [~T7| lcsEtats-Unis d'Ameriquc 1 1 Ics Etats indiquds dans 1c 

dlposani pour : 1— J designes 1 1 lcs Etats-Unis d'Amerique U&J seulcmcnt 1 » cadre supplemental 


Nom et adresse : (Nom de famille suivi du prenom; pour une personne morale, designation 
omciTllecomplete L 'adresse doit comprendre le code postal et le nom du pays. Lepays de 
fadreste S est lltat ou le deposant a son domicile si aucun domicile 
n 'est indique ci-dessous.) 


Cette personne est : 

| | deposant seulement 

| | deposant et inventeur 

[ | inventeur seulement 

(Si cette case est cochee, 
ne pas remplir la suite.) 


Nationality (nom de I'Etat) : 


Domicile (nom de I'Etat) : 




Nom et adresse : (Nom de famille suivi du prenom; pour une personne ™ orale -/™'8™f'<% 
officiellecompieie L adresse doit comprendre le code postal et le nomdu pays, le pays de 
Kd^sse^ude'^ns ce cadre est I 'Etat ou le deposant a son domicile si aucun domicile 
n est indique ci-dessous.) 


Cette personne est : 

| | deposant seulement 

j | dyposant et inventeur 

| | inventeur seulement 

(Si cette case est cochee, ne 
pas re mpl ir I a suite.) 


Nationality (nom de I'Etat) : 


Domicile (nom de TEtat) : 


c^ =r * nssgt* ni^^jess □^v nisdwe □^» m u e^ ,e 


Nom et adresse : (Nom de famille suivi du prenom; pour une personne morale. de s ignation 
omcieUecomplele L adresse doit comprendre le code postal et le nomdu pays. Le pays de 
fadres^ est I ttat ou le deposant a son domicile si aucun domicile 
n 'est indique ci-dessous.) 


Cette personne est : 

[ j deposant seulement 

| j deposant et inventeur 

| | inventeur seulement 
(Si cette case est cochee. 
ne pas remplir la suite.) 


Nationality (nom de I'Etat) : 


Domicile (nom de I'Etat) : 


asasT:- □ as?" □ a^ss*** □ □ Rasas* 


| | D'autres deposants ou inventeurs sont indiqucs sur une autre feuille annexe. 



Odr* DESIGNATION D^ETaTS 



Lcs designations suivantes sont faitcs conformdmcnt a la r£gle 4.9.a) (cocher Us cases appropriees; une au moins doit litre) 
Brevet regional 

□ AP Brevet ARIPO : CH Ghana, GM Gambie, KE Kenya, LS Lesotho, MW Malawi. SD Soudan, SL SierTa Leone 
SZ Swaziland, UG Ouganda, ZW Zimbabwe el tout autre Etat qui est un Etat contractant du Protocole de Harare ct du PCT 

EA Brevet eurasien : AM Armdnie, AZ Azerbaidjan, BY Belarus, KG Kirghizistan, KZ Kazakhstan, MD Republique de 
Moldova, RU Federation de Russie, TJ Tadjikistan, TM Turkmenistan el tout autre Etai qui est un Etat contractant de 
la Convention sur Ic brevet eurasien et du PCT 



□ 



EP 



Brevet europeen : AT Autriche, BE Belgiquc, CH et LI Suisse et Liechtenstein. CY Chypre, DE Aliemagne. 
DK Dancmark, ES Espagne, FI Finlande, FR France, GB Royaume-Uni. GR Grece, IE Irlandc, IT Italic. 
LU Luxembourg, MC Monaco, NL Pays-Bas, PT Portugal, SE Suede et tout autre Etat qui est un Etat contractani de la 
Convention sur le brevet europicn et du PCT 

Brevet OAPI : BF Burkina Faso, BJ B6nin, CF Republique centrafricaine, CG Congo, CI Cote d 'I voire, 
CM Camcroun, GA Gabon, GN Guinea GW Guinea-Bissau, ML Mali, MR Mauritanie, NE Niger, SN Senegal, 
TD Tchad, TG Togo et tout autre £tat qui est un fetat membrc de I'OAPI et un Etat contractant du PCT (si une autre forme 
de protection ou de traitement est souhaitee, le precisersur la tigne pointillee) 

Brevet national (si une autre forme de protection oude traitement est souhaitee. le precise r sur la tigne pointillee) : 



□ OA 



□ 


AE 


□ 


AL 


□ 


AM 


□ 


AT 




AU 


□ 


AZ 


□ 


BA 


□ 


BB 


□ 


BC 


□ 


BR 


□ 


BY 




CA 


□ 


CH i 


□ 


CN 


□ 


CU 


□ 


CZ 


□ 


DE 


1 — | 

LJ 


DK 


□ 


EE 


□ 


ES 


□ 


FI 


□ 


CB 


□ 


CD 


□ 


GE 


□ 


GH 


□ 


CM 


□ 


HR 


□ 


HU 


□ 


ID 


□ 


IL 


□ 


IN 


□ 


IS 




JP 


□ 


KE 


□ 


KG 


□ 


KP 


□ 


KR 


n 


KZ 


□ 


LC 


□ 


LK 



Em i rats arabes unis 

Albanie 

Arminic 

Autriche 

Austral ic 



Bosnic-Herzcgovinc 
Barbade 



Brcsil 

Belarus 

Canada 

:t LI Suisse el Liechtenstein 

Chine 

Cuba 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 

Republique tchdquc □ 

Aliemagne □ 

Dancmark □ 

Estonie □ 

Espagne d 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

El 



Finlande 



Croat ie 



Indonesic 
Israel 
Indc 
Islande 
Japon . . . 
Kenya . . . 



LR Liberia 

LS Lesotho 

LT Lituanie 

'LU Luxembourg 

LV Lcttonie 

MD Republique de Moldova 

MG Madagascar 

MK Ex-Republique yougoslave de Macedoinc 

MN Mongolie 

MW Malawi 

MX Mexique 

NO Norvige 

NZ Nouvelle-Zeiande 

PL Pologne 

PT Portugal 

RO Roumanie 

RU Federation de Russie 

SD Soudan 

SE Suede 

SG Singapour 

SI Slovinie 

SK Slovaquic 

SL Sierra Leone 

TJ Tadjikistan 

TM Turkmenistan 

TR Turquie 

TT Trinite-el-Tobago 

UA Ukraine 

UG Ouganda . . 

US Etats-Unis d ' Amdrique 



□ 
□ 
□ 
□ 
□ 



UZ Ouzbdkistan . . . 

VN Viet Nam 

YU Yougoslavie . . . 
ZA Afriquc du Sud 
ZW Zimbabwe 



Kazakhstan . 
Sainte-Lucie 
Sri Lanka 



Cases riscrvdes pour la designation d'Etats qui sont devenus 
panics au PCT apres la publication de la priscntc feuiile : 

□ CR Costa Rica IZItZ Republique. Unie 
Q DM Dominique de Tanzanie 



Declaration conccrnant les designations de precaution : outre les designations faitcs ci-dessus. le deposant fan ausst conformemenl a la 
regie 4. 9 b) toutes les designations qui scraient autorisees en vertu du PCT, a ('exception de toute designation indiquec dans le cadre 
suppiemcntaire commc etant exclue de la portec de cctte declaration. Le deposant declare que ces designations additionnclles sont faiies 
sous reserve de confirmation et que toute designation qui n'est pas confirmee avant I'expirai ion d*un deiai de I 5 mois a compter de la date de 
priorite doit etre consideree commc retiree par le deposant a I 'expiration de ce deiai . (Pour con firmer une designation, it faut depose r une 
declaration contenant la designation en question et payer les taxes de designation et de confirmation La confirmation doit parvenir a I office 
recepteur dans le deiai de 1 5 mois.) 



Formulaire PCT/RO/I01 (dcuxieme fcuillc) (JuiUct 1999) 



Voir les notes relatives au formulaire de requeie 



Cadre n« VI REVENDICATIO 



Fcuillc n° . . A 



PRJORITE 



• 

I I indi 



Lutres rcvcndications dc priority sont 
idiqudes dans ic cadre suppMmentairc. 



Date dc depot 
de la demande anteYieure 
(jour/mois/annee) 



(1) 

22 OCTOBRE 1998 
(22/10/98) 



(2) 



(3) 



Numero 
de la demande anterieure 



98 13279 



Lorsque la demande anterieure est une : 



demande nationale 
pays 



FRANCE 



demande r£gionale : 
office regional 



demande Internationale : 
office r^cepteur 



□ 




presente 

emande at 

de Paris pour h protection de la propriete 



• Si la demande anterieure est une demande ARIPO. il est obligatoire d'indiquer dans le cadre supple mentaire aumoinsun pays par tie a la Convention 
ia aemanae amencurc c ^ in d us rne lie pour lequel cette demande an terieure a etc deposee (regie 4. IQ.bju)). Voir le cadre supplemental. 



Cadre n« VII ADMINISTRATION CHARGEE DE LA RECHERCHE INTERNATIONALE 



Choix de ('administration chargee de la recherche 
Internationale (ISA) (si plusieurs administrations 
chargee s de la recherche Internationale sont competentes 
pour proceder a la recherche Internationale, indiquer 
V administration choisie; le code a deux lettres peut etre 
utilise) : 

ISA / EP 



Demande d'utilisation des resultats d'une recherche anterieure; mention de 
cette recherche (si une recherche anterieure a ete effectuee par I 'administration 
chargee de la recherche Internationale ou demandie a cette derniere) : 

Date (jour/mois/annee) Numero 



30 AOUT 1999 



FA 570204 



Pays (ou office regional) 
OEB 



Cadre n° VIII BORDEREAU; LANGUE DE DEPOT 



La presente demande international contient 
le nombre de feuilles suivant : 



requete 

description (sauf partie reservee 
au tistage des sequences) 

revendications 

abrege 

dessins 

partie de la description reservee 
au listage des sequences 

Nombre total de feuilles 



4 
27 
5 
1 



43 



Le ou les elements coches ci-apres sont joints a la presente demande international 

1. □ feui lie de calcul des taxes 

2. El pouvoir distinct signe 

3. □ copie du pouvoir general; numero de reference, le cas echeant : 

4. □ explication de r absence d'une signature 

5. ft] document(s) de priorite indique(s) dans le cadre n° VI au(x) point(s) : 

6. □ traduction de la demande intemationale en (langue) : 

7. □ indications separees concernant des micro-organismes ou autre materiel 

biologique deposes 

8. □ listage des sequences de nucleotides ou d'acides amines sous forme 

dechiffrable par ordinateur 

9. DG autres elements (preciser£o pie du Rapport de Recherche 



Figure des dessins qui 
doit accompagner Tabr^ge : 



Langue de depot de la 

demande intemationale : 



Fran9ais 



Cadre n" IX SIGNATURE DU DEPOSANT OU DU MA ND AT A IRE 



A cote de cheque signature, indiquer le nam du signature et. si cela nappjiraa pas c/a/rem/^ aJ^^ Vinteressi signe. 

t GABmm REGM1BEAU 



WARCOIN Jacques 




26. Avenue ttl&bsr 
75116 PARS FRANCS 



Reserve a l T office recepteur 



1 . Date effective de reception des pieces supposees 
consumer la demande intemationale : 



3 Date effective de reception, rectifiee en raison de la reception ulte- 
rieure, mais dans les d£lais, de documents ou de dessins completant 
ce qui' est suppose constituer la demande intemationale : 



4. Date de reception, dans les delais, des corrections 
demandees selon Particle 1 1.2) du PCT : 



2. Dessins : 
| | recus : 

| | non recus : 



5. Administration chargec de la recherche , 
intemationale (si plusieurs sont competentes) : ' 



□ Transmission de la copie de recherche differee 
jusqu'au paiement de la taxe de recherche. 



Date de reception de i'exemplaire 
original par le Bureau international : 



Reserve au Bureau international 



Formulairc PCT/RO/101 (derniere feuille) (juillet 1998; ^impression Janvier 1999) Voir les notes relatives auformulaire de requete 



PCT/FR99/02551 



TRAITE D^pOPERATION EN MATIER^f BREVETS 

Expediteur: le BUREAU INTERNATIONAL 



PCT 

NOTIFICATION DE L'ENREGISTREMENT 
D'UN CHANGEMENT 

(regie 92bis.1 et 
instruction administrative 422 du PCT) 



Date d'expedition (jour/mo is/an nee) 
15 juin 2000 (15.06.00) 



Reference du dossier du deposant ou du mandataire 
340214/17794 



Demande Internationale no 
PCT/FR99/02551 



Destinataire: 



MARTIN, Jean-Jacques 
Cabinet Regimbeau 
26, avenue Kleber 
F-75116 Paris 
FRANCE 



A R R I V E L 



- 4 JUiL 2000 



CABINET 
REGIMS 



EAU 



NOTIFICATION IMPORTANTE 



Date du depot international (jour/mois/annee) 
20 octobre 1999 (20.10.99) 



1. Les renseignements suivants etaient enregistres en ce qui concerne: 

X le deposant X I'inventeur | | le mandataire | | le representant commun 


Nom et adresse 

ACRES, Bruno 

10, rue Jean Hermann 

F-67000 Strasbourg 

FRANCE 


Nationalite (nom de TEtat) 
CA 


Domicile (nom de I'Etat) 
FR 


no de telephone 


no de telecopieur 


no de teleimprimeur 


2. Le Bureau international notifie au deposant que le changement indique ci-apres a ete enregistre en ce qui concerne: 
| | la personne X le nom | | I'adresse | | la nationalite | | le domicile 


Nom et adresse 

ACRES, Bruce 

10, rue Jean Hermann 

F-67000 Strasbourg 

FRANCE 


Nationalite (nom de I'Etat) 
CA 


Domicile (nom de I'Etat) 
FR 


no de telephone 


no de telecopieur 


no de teleimprimeur 


3. Observations complementaires, le cas echeant: 


4. Une copie de cette notification a ete envoyee: 
| X | a I'office recepteur | | aux offices designes concernes 
| | a Tadministration chargee de la recherche Internationale | X | aux offices elus concernes 
| X | a I'administration chargee de I'examen preliminaire international | | autre destinataire: 



Bureau international de TOMPI 


Fonctionnaire autorise: 




34, chemin des Colombettes 


Aino M^tcalfeA^ — 


1211 Geneve 20, Suisse 




no de telecopieur (41-22) 740.14.35 


no de telephone (41-22) 338.83.38 


Formulaire PCT/IB/306 (mars 1994) 


003354395 



TRAITE DE OPERATION EN MATIERE 



BREVETS 



Expediteur: le BUREAU INTERNATIONAL 



PCT 



Destinataire: 



INFORMATIONS RELATIVES AUX 
OFFICES ELUS QUI ONT RECU 
NOTIFICATION DE LEUR ELECTION 



MARTIN, Jean-Jacques 
Cabinet Regimbeau 
26, avenue Kleber 
F-75116 Paris 
FRANCE 



(regie 61.3 du PCT) 



Date d'expedition (jour/mo is/an nee) 
15 juin 2000 (15.06.00) 




INFORMATION IMPORTANTE 




Date du depot international Gour/mois/annee) Date de priorite (jour/mois/annee) 
20 octobre 1999 (20.10.99) 22 octobre 1998 (22.10.98) 



Deposant 



TRANSGENE S.A. etc 



1. Le deposant est informe que le Bureau international a, conformement a I'article 31.7), notifie a chacun des offices suivants 
son election: 



2. Les offices suivants ont renonce a ('exigence selon laquelle ils sont notifies de leur election; la notification de leur election 
leur sera envoyee par le Bureau international seulement a leur demande: 



3. If est rappele au deposant qu'il doit aborder la "phase nationale" aupres de chacun des offices mentionnes ci-dessus avant 
I'expiration d'un delai de 30 mois a compter de la date de priorite. Pour ce faire, il doit payer la ou les taxes nationales et 
remettre, si elle est prescrite, une traduction de la demande internationale (article 39.1 )a) ainsi que, le cas echeant, une 
traduction de toute annexe du rapport d'examen preliminaire international (article 36.3)b) et regie 74.1). 

Certains offices ont fixe des delais superieurs au delai mentionne ci-dessus. Pour des renseignements detailles au sujet des 
delais applicables et des actes a accomplir a I'ouverture de la phase nationale aupres d'un office donne, voir le volume II du 
Guide du deposant du PCT. 

L'ouverture de la phase regionale europeenne est differee jusqu'a Texpiration d'un delai de 31 mois a compter de la date de 
priorite pour la totatite des Etats designes aux fins de I'obtention d'un brevet europeen. 



EP lAT^E^H^DE^K^S^FI.FR^GB^RJEJT^LU^aNUPT^SE 
National lAaCAJP^US 



Aucun 



Fonctionnaire autorise: 



Bureau international de I'OMPI 
34, chemin des Colombettes 
1211 Geneve 20, Suisse 




no de telecopieur (41-22) 740.14.35 



no de telephone (41-22) 338.83.38 



Formulaire PCT/IB/332 (septembre 1997) 



3354386 





PCT 



Le soussigne requiert que la presente demande 
internationale soit traitee conformement au Traite de 
cooperation en matiere de brevets. 



v,:ficc recepteur 



Demande internationale n° 



Date du d£pot international 



Nom de 1' office recepteur et "Demande internationale PCT" 



Reference du dossier du deposant ou du mandataire (facultatif) 
(12 caracteres au maximum) 340214 /l 7794 



Cadre n° I TITRE DE L'INVENTION MATERIEL BIOLOGIQUE POUR LA PREPARATION DE 
COMPOSITIONS PHARMACEUTIQUES DESTINEES AU TRAITEMENT DE MAMMIFERES 


Cadre n° II DEPOSANT 


Nom et adresse : (Nom defamille suivi du prenom; pour une personne morale, ^SJ^uon 
officiTlle complete L 'adresse doit comprendre le code postal et le nom du pays. Lepays de 
Fa^e S^u&ii^cl cadre est I 'Etat ou le deposant a son domicile si aucun domicile 
n 'est indique ci-dessous.) 

TRANSGENE S.A. 
11 Rue de Molsheim 
67000 STRASBOURG 
FRANCE 


f 1 Cette personne est aussi 
1 — * inventeur. 


n°de telephone 


n°de teldcopieur 


n°de teldimprimeur 


Nationalite (nom de PEtat) : 
FP 


Domicile (nom de TEtat) : 
FR 


Cette Dersonne est I 1 tousles Etats rn tous les Etats designes sauf | 1 les Etats-Unis d' Amen que | | les Etats indiques dans 

dlposa^ pour □ designes ULS les Etats-Unis d'AWrique | | seulement | 1 le cadre supplemental 


Cadre n* III AUTRE(S) DEPOSANT(S) OU (AUTRE(S)) INVENTEUR(S) 


Nom et adresse : (Nom defamille suivi du prenom; pour une personne morale, ^ignation 
officielle complete. L ' adresse doit comprendre I e code postal n le ^ m ^^ ri jfP^ c ± 
ladresse indiquee dans ce cadre est I 'Etat ou le deposant a son domicile si aucun domicile 
n 'est indique ci-dessous.) 

ACRES Bruno 

10 Rue Jean Hermann 

67000 STRASBOURG 

FRANCE 


Cette personne est : 

j | deposant seulement 

| xl deposant et inventeur 

| | inventeur seulement 
(Si cette case est cochee. 
ne pas rempl ir la suite.) 


Nationalite (nom de PEtat) : 
CA 


Domicile (nom de TEtat) : 
FR 


„ . , . e.otc i 1 tousle*: Ftats desi«nes sauf 1 1 les Etats-Unis d'Amenque | 1 les Etats indiques dans le 

^posLTrZr 6 EZI ddsignls EZI kslta^UnU d'^rique H]se U .e m en, U cadre supp.^cnuurc 


D'autres deposants ou inventeurs sont indiques sur une feuille annexe. 


Cadre n' IV MANDATAIRE OU REPRESENTANT COMMUN; OU ADRESSE POUR LA CORRESPONDANCE 


La personne dont ridentite est donnde ci-dessous est/a ete designee pour agir au nom „ mandataire 1 1 representant commun 
du ou des deposants aupres des autorites internationales comp&entes, comme: 1 1 I 1 


Nom et adresre : (Nom de famille suivi du prenom; pour une personne morale, designation officielle 

complete. 1 'adresse doit comprendre le code postal et le nom du pays.) 
MARTIN Jean-Jacques, SCHRIMPF Robert, AHNER Francis 
WARC0IN Jacques, TEXIER Christian, LE FOREST I ER Eric 
CABINET REGIMBEAU 
26 Avenue Kleber 
75116 PARIS 
FRANCE 


n°det6Iephone 

01 45 00 92 02 


n°det616copieur 

01 45 00 46 12 1 


n°det616imprimeur 


I 1 Adresse oour la correspondance : cocher cette case lorsque aucun mandataire ni reprdsentanl .commun n est/n a ete designe 

□ et qui Pespace ^cSess^s P est utilise pour indiquer une adresse speciale a laquelle la correspondance doit etre envoys. 



3 
2 





Feuille n° 



Suite du cadre n' III AUTRE(S) DEPOSANT(S) OU (AUTRE(S)) INVENTEUR(S) 



Si aucun des sous-cadres suivants n 'est utilise, cette feuille ne doit pas etre incluse dans la requite. 



Nom et adressc : (Nom de famille suivi du prenom; pour une personne morale, designation 
officielte complete. L 'adresse doit comprendre le code postal et le nomdu pays. Lepays de 
I adresse indiquee dans ce cadre est I 'Etat ou le deposant a son domicile si aucun domicile 
n est indique ci-dessous.) 

PAUL Stephane 

7 Rue du Vieux Marche aux Poissons 

67000 STRASBOURG 

FRANCE 



Cettc personne est : 

| | deposant seulement 

|X | deposant et inventeur 

I I inventeur seulement 
(Si cette case est cochee. 
ne pas remplir la suite.) 



Nationalite (nom de l'Etat) : 
FR 


Domicile (nom de l'Etat 
FR 


): 


Cette personne est 1 1 tous les Etats 1 1 tous Ics Etats design** sauf rT| !cs Etats-Unis d' Amcnque I 1 les Etats indiques dans le 

dlposa^ pour : 1 1 designes L_ 1 les Etats-Unis d'Amerique LXJ seulement « ' cadre supplemental 


Nom et adresse : (Nom de famille suivi du prenom; pour une personne morale, designation 
o^iellTcomplete. L adresse doit comprendre le code postal U le nom du pays, ^p^s de 
ra^esh in^quee dans ce cadre est I 'Etat ou le deposant a son domicile si aucun domicile 
n 'est indique ci-dessous.) 


Cette personne est : 

| | deposant seulement 

| | deposant et inventeur 

| | inventeur seulement 

(Si cette case est cochee. 
ne pas remplir la suite.) 


Nationalite (nom de l'Etat) : 


Domicile (nom de l'Etat) : 




Nom et adresse : (Nom de famille suivi du prenom; pour une personne morale designation 
offhzielle complete L adresse doit comprendre le code postal et le nomdu pays. Le pays de 
f adresse ^ est I 'Etat ou le deposant a son domicile si aucun domicile 
n 'est indique ci-dessous.) 


Cette personne est : 

| | deposant seulement 

[ | deposant et inventeur 

| | inventeur seulement 

(Si cette case est cochee. ne 
pas remplir la suite.) 


Nationalite (nom de l'Etat ) : 


Domicile (nom de l'Etat) : 


cst □ ass?" □ □ ^ D semskss!? le 


Nom et adresse : (Nom de famille suivi du prenom; pour une personne morale. designMon 
offlcielle complete. L 'adresse doit comprendre le code postal n le nom du pays. Le^s de 
radressi i indiquee dans ce cadre est I 'Etat ou le deposant a son domicile st aucun domicile 
n 'est indique ci-dessous.) 


Cette personne est : 

| | deposant seulement 

| | deposant et inventeur 

| | inventeur seulement 
(Si cette case est cochee, 
ne pas remplir la suite.) 


Nationalitd (nom de l'Etat) : 


Domicile (nom de l'Etat) : 




| ] D'autres deposants ou inventeurs sont indiques sur une autre feuille annexe. 




Fcuille n° 




DESIGNATION D'ETATS 



Lcs designations suivantes sont failcs conformcmeni a la regie 4. 9. a) (cocher les cases appropriees. une au moins doit I etre) ; 
Brevet regional 

□ AP Brevet ARIFO : GH Ghana, CM Gambic, KE Kenya, LS Lesotho, MW Malawi, SD Soudan. SL Sierra Leone 

SZ Swaziland, UG Ouganda, ZW Zimbabwe ct tout autre Etat qui est un Etat contractant du Proiocole de Harare ci du PCT 

□ EA Brevet eurasien : AM Armenic, AZ Azcrbai'djan, BV Belarus, KG Kirghizistan, KZ Kazakhstan, MD Republique dc 

Moldova, RU Federation de Russie, TJ Tadjikistan, TM Turkmenistan el tout autre Etat qui est un Etat contractant dc 
la Convention sur le brevet eurasien et du PCT 

EP Brevet europeen : AT Autriche, BE Belgiquc, CH et LI Suisse et Liechtenstein, CY Chypre, DE Allemagne. 
DK Danemark, ES Espagne, FI Finlandc, FR France, GB Royaume-Uni, GR Grece, lElrlande, IT Italic 
LU Luxembourg, MC Monaco, NL Pays-Bas, PT Portugal. SE Suede et tout autre Etat qui est un Etat contractant de la 
Convention sur Ic brevet europeen et du PCT 

□ OA Brevet OAPI : BF Burkina Faso, BJ Benin, CF Republique centrafricaine, CG Congo, CI Cote d'l voire. 

CM Cameroun, GA Gabon, GN Guindc, GW Guinea-Bissau, ML Mali, MR Mauritanic, NE Niger, SN Senegal. 
TD Tchad, TG Togo et tout autre £tat qui est un fetat membrc de I'OAPI et un Etat contractant du PCT (si une autre forme 

de protection oude traitement est souhaitee. le precisersur la tigne pointillee) 

Brevet nation art (si une autre forme de protection oude traitement est souhaitee. le preciser sur la ligne point il lee) 



□ 


AE 


□ 


AL 


□ 


AM 


□ 


AT 


® 


AU 


□ 


AZ 


□ 


BA 


□ 


BB 


□ 


BC 




BR 


□ 


BY 




CA 


□ 


CH < 


□ 


CN 


□ 


CU 


□ 


CZ 


□ 


DE 


1 — I 

l_J 


DK 


□ 


EE 


□ 


ES 


□ 


FI 


□ 


GB 


□ 


CD 


□ 


GE 


□ 


GH 


□ 


CM 


□ 


HR 


□ 


HU 


□ 


ID 


□ 


IL 


□ 


IN 


□ 


IS 




JP 


□ 


KE 


□ 


KG 


□ 


KP 


□ 


KR 


□ 


KZ 


□ 


LC 


□ 


LK 



Em i rats arabes unis 

Albanie 

Arminic 

Autriche 

Australie 



Bosnie-Herzcgovine 
Barbadc 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 

Republique tcheque □ 

Allemagne □ 

□ 
□ 
□ 
□ 
□ 
□ 



Bresil 

Belarus 

Canada 

;t LI Suisse et Liechtenstein 

Chine 

Cuba 



Danemark 

Estonie 

Espagne 

Finlande 

Royaume-Uni 
Grenade 

Giorgie D 

Ghana d 

Gambie O 

Croatic Q 

Hongrie □ 

tndonesie 

Israel □ 

Inde KJ 

Islande 

Japon O 

Kenya □ 

Kirghizistan □ 

Republique populaire democratique dc Coree . Q 

□ 



LR Liberia 

LS Lesotho 

LT Lituanic 

'LU Luxembourg 

LV Lettonie 

MD Republique de Moldova 

MG Madagascar . 

MK Ex-Republique yougoslave de Macedoine 

MN Mongolie 

MW Malawi 

MX Mexique 

NO Norvege 

NZ Nouvclle-Zelande 

PL Pologne 

PT Portugal .* 

RO Roumanie 

RU Federation de Russie 

SD Soudan 

SE Suede 

SG Singapour 

SI Slovenie 

SK Slovaquie 

SL Sierra Leone 

TJ Tadjikistan 

TM Turkmenistan 

TR Turquie 

TT Trinite-ct-Tobago 

UA Ukraine 

UG Ouganda 

US Etats-Unis d'Amerique 



UZ Ouzbekistan . . . 
VN Viet Nam 
YU Yougoslavic . . 
ZA Afrique du Sud 
ZW Zimbabwe 



Kazakhstan . 
Sainte-Lucie 
Sri Lanka 



Cases rescrvees pour la designation d'Etats qui sont devenus 
parlies au PCT apres la publication de la presentc fcuille : 

□ CR Cp3ta Rica ElTZ Republique. Unie 

□ DM Dominique de Tanzanie . . . , , 



Declaration concernant les designations dc precaution : outre les designations failes ci-dessus, Ic deposant fan aussi conformement a la 
regie 4.9. b) touics les designations qui seraicnt autorisecs en vertu du PCT, a rexception de toute designation indiquec dans le cadre 
suppiementaire commc etanl excluc de la portec de cettc declaration. Le deposant declare que ces designations additionnellcs sont faiies 
sous reserve dc confirmation ct que toute designation qui n*est pas confirmee avant rcxpiraiion d'un deiai dc 1 5 mois a compter de la date de 
prtorite doit etre consider commc retiree par le deposant a I'expiraiion dc cc deiai. (Pour conftrmer une designation, it faut deposer une 
declaration contenant la designation en question et payer les taxes de designation et de confirmation La confirmation doit parvenir a I office 
recepteurdans le deiai de 1 5 mois.) 



Formulaire PCT/RO/101 (dcuxieme fcuille) (juillct 1999) 



Voir les notes relatives au formulaire de requete 




Fcuillc n° . . 4 



Cadre n* VI REVENDICATION DE PRIORITE 



□ 



D'auOTs re 1 



Hrevendications dc priority sont 
indiquees dans lc cadre suppldmentairc. 



Date de depot 
de la demande antdrieure 
(jour/mois/annee) 



(U 

22 OCTOBRE 
(22/10/98) 

(2) 



1998 



Numero 
de la demande anterieure 



98 13279 



Lorsque la demande anterieure est une : 



demande nationale : 
pays 



FRANCE 



demande regionale 
office regional 



demande intemationale ; 
office recepteur 



(3) 



□ 



L'office recepteur est pri£ de preparer et de transmettre au Bureau international une copie certifiee conforme de la ou des demandes 
anterieures (seulement si la demande anterieure a ete deposee aupres de l'office qui. auxfins de 
la presente demande intemationale. est l'office recepteur) indiquees ci-dessus au(x) point(s) : 



• Si la demande anterieure est une demande ARIPO. il est obligatoire d'indiquer dans le cadre pf plementaire au moins un pays partie a la Convention 
de Paris pTu/ la protecZn de la propriete industrielle pour lequet cette demande anterieure a ete deposee (regie 4.I0.b),Q). Voir le cadre supplemental. 



Cadre n* VII ADMINISTRATION CHARGEE DE LA RECHERCHE INTERNATIONALE 



Choix de ('administration chargee de la recherche 
Internationale (ISA) (si plusieurs administrations 
chargees de la recherche intemationale sont competenles 
pour proceder a la recherche intemationale. indiquer 
I 'administration choisie; le code a deux lettres peut etre 
utilise) : 

ISA / EP ; 



Demande d'utilisation des resultats d'une recherche anterieure; mention de 
cette recherche (si une recherche anterieure a ete effectuee par I'administration 
chargee de la recherche intemationale ou demandee a cette demiere) : 
Date (jour/mois/annee) Numero Pays (ou office regional) 

30 AOUT 1999 FA 570204 OEB 



Cadre n" VIII BORDEREAU; LANGUE DE DEPOT 



La presente demande intemationale contient 
le nombre de feuilies suivant : 



requete 

description (sauf partie reservee 
au tistage des sequences) 

revendications - 

abrege 

dessins 

partie de la description reservee 
au listage des sequences 

Nombre total de feuilies 



A 
27 
5 

1 

6 



43 



Le ou les elements coches ci-apres sont joints a la presente demande intemationale : 

1 . □ feuille de calcul des taxes 

2. O pouvoir distinct signe 

3. □ copie du pouvoir general; numero de reference, le cas echeant : 

4. □ explication de r absence d'une signature 

5. Q] document(s) de priorite indique(s) dans ie cadre n° VI au(x) point(s) : 

6. □ traduction de la demande intemationale en (langue) : 

7. □ indications separees concernant des micro-organ ismes ou autre materiel 

biologique deposes 

8. □ listage des sequences de nucleotides ou d'acides amines sous forme 

dechiffrable par ordinateur 

9. H autres elements (preciserC'o pie du Rapport de Recherche 



Figure des dessins qui 
doit accompagner V abrege : 



Langue de depot de la 
demande intemationale : 



Fran^ais 



Cadre n* IX SIGNATURE DU DEPOSANT OU DU MANDATAfRE 



A cote de cheque signature, indiquer le nam du signature et. si cela n'appfraU pas clairem m a..taJecLu^^ Vinteresse signe. 

i cabinet reghmbeau 



WARCOIN Jacques 




26, Avenue Kl6ber 
75116 PARJS FRANCS 



Reserve a Toffice recepteur 



1. Date effective de reception des pieces supposees 
consumer la demande intemationale : 



3 Date effective de reception, rectifiee eri raison de la reception ulte- 
rieure, mais dans les deMais, de documents ou de dessins completant 
ce qui' est suppose constituer la demande intemationale : 



4. Date de reception, dans les delais, des corrections 
demandees selon V article 1 1.2) du PCT : 



2. Dessins 
| j recus : 



□ 



non recus 



5. Administration chargee de la recherche rn * , 
intemationale (si plusieurs sont competentes) : 1 



6 r — I Transmission de la copie de recherche differee 
I | jusqu'au paiement de la taxe dc recherche. 



Reserve au Bureau international 



Date de reception de I'exemplaire 
original par le Bureau international : 



L„i,i„ PCT/RO/101 fdernierc feuille) Ouiltet 1998; reimpressior. Janvier 1999) Voir les notes relatives auformulaire de requete 



TRAITE. D^DOPERATION EN MATIER 

?mmr *m'$ z a apr 

PCT 



NOTIFICATION DE L'ENREGISTREMENT 
D'UN CHANGEMENT 

(regie 92bis.1 et 
instruction administrative 422 du PCT) 



# 



PCT/FR99/02551 



Date d'expedrtion (jour/mois/annee) 
15 juin 2000(15.06.00) 



Reference du dossier du deposant ou du mandataire 
340214/17794 



BREVETS 

Expediteur: le BUREAU INTERNATIONAL 



Destinataire: 






MARTIN, Jean-Jacques 
Cabinet Regimbeau 
26, avenue Kleber 
F-751 16 Paris 
FRANCE 


ARRIVE L 


- 


- 4 JUiL 2000 




CABINET 
F£ EE G S fVl 3 EE A! 


J 









NOTIFICATION IMPORTANTE 



Demande Internationale no 
PCT/FR99/02551 



Date du depot international (jour/mois/annee) 

20 octobre 1999 (20.10.99) 



1. Les renseignements suivants etaient enregistres en ce qui concerne: 
| X| le deposant X I'inventeur j | le mandataire | | le representant commun 


Nom et adresse 

ACRES, Bruno 

10, rue Jean Hermann 

F-67000 Strasbourg 

FRANCE 


Nationalite (nom de TEtat) 
CA 


Domicile (nom de I'Etat) 
FR 


no de telephone 


no de telecopieur 


no de teleimprimeur 


2. Le Bureau international notifie au deposant que le changement indique ci-apres a ete enregistre en ce qui concerne: 
| | la personne X le nom | | I'adresse | [ la nationalite | | le domicile 


Nom et adresse 

ACRES, Bruce 

10, rue Jean Hermann 

F-67000 Strasbourg 

FRANCE 


Nationalite (nom de I'Etat) 

CA 


Domicile (nom de I'Etat) 
FR 


no de telephone 


no de telecopieur 


no de teleimprimeur 


3. Observations complementaires, le cas echeant: 


4. Une copie de cette notification a ete envoyee: 
| X| a I'office recepteur | | aux offices designes concernes 
| | a I'administration chargee de la recherche internationale | X | aux offices elus concernes 
| X | a I'administration chargee de I'examen preliminaire international | | autre destinataire: 





Bureau international de I'OMPI 
34, chemin des Colombettes 
1211 Geneve 20, Suisse 

no de telecopieur (41 -22) 740.14.35 


Foncttonnaire autorise: 

Aino M^tcalfe^i^ — ^ ^ 

no de telephone (41-22) 338.83.38 



Formulaire PCT/IB/306 (mars 1994) 



003354395 



TRAITE D 



OPERATION EN MATIER 



4 



PCT/FR99/02551 



BREVETS 



Expediteur: le BUREAU INTERNATIONAL 



PCT 

INFORMATIONS RELATIVES AUX 
OFFICES ELUS QUI ONT RECU 
NOTIFICATION DE LEUR ELECTION 

(regie 61.3 du PCT) 


Destinataire: 

MARTIN, Jean-Jacques 
Cabinet Regimbeau 
26, avenue Kleber 
F-75116 Paris 
FRANCE 


Date d'expedition (jour/mois/annee) 
15 juin 2000 (15.06.00) 




Reference du dossier du deposant ou du man data ire 
340214/17794 


INFORMATION IMPORTANTE 


Demande Internationale no 
PCT/FR99/02551 


Date du depot international (jour/mois/annee) 
20 octobre 1999 (20.10.99) 


Date de priorite (jour/mois/annee) 
22 octobre 1998 (22.10.98) 


Deposant 

TRANSGENE S.A. etc 



1. Le deposant est informe que le Bureau international a, conformement a I'article 31.7), notifie a chacun des offices suivants 
son election: 

EP rAT^BE^H^DE^K^S^UFR^GB^GRJEJT^U^CNL^PT^E 
National :AU,CA,JP,US 

2. Les offices suivants ont renonce a I'extgence selon laquelle ils sont notifies de leur election; la notification de leur election 
leur sera envoyee par le Bureau international seulement a leur demande: 

Aucun 

3. II est rappele au deposant qu'il doit aborder la "phase nationale" aupres de chacun des offices mentionnes ci-dessus avant 
I'expiration d'un delai de 30 mois a compter de la date de priorite. Pour ce faire, il doit payer la ou les taxes nationales et 
remettre, si elle est prescrite, une traduction de la demande internationale (article 39.1 )a) ainsi que, le cas echeant, une 
traduction de toute annexe du rapport d'examen preliminaire international {article 36.3)b) et regie 74.1). 

Certains offices ont fixe des delais superieurs au delai mentionne ci-dessus. Pour des renseignements detailles au sujet des 
delais applicables et des actes a accomplir a I'ouverture de la phase nationale aupres d'un office donne, voir le volume II du 
Guide du deposant du PCT. 

L'ouverture de la phase regionale europeenne est differee jusqu'a I'expiration d'un delai de 31 mois a compter de ta date de 
priorite pour la totalite des Etats designes aux fins de I'obtention d'un brevet europeen. 





Fonctionnaire autorise: 


Bureau international de I'OMPI 


34, chemin des Colombettes 




1211 Geneve 20, Suisse 




no de telecopieur (41-22) 740.14.35 


no de telephone (41-22) 338.83.38 


Formulaire PCT/IB/332 (septembre 1997) 


3354386 



TRAITE 



PCT/FR99/02551 



OOPERATION EN MATIEI^TE BREVETS 

Expediteur: le BUREAU INTERNATIONAL 



PCT 



NOTIFICATION DE LA RECEPTION DE 
L'EXEMPLAIRE ORIGINAL 

(regie 24.2.a) du PCT) 



Destinataire: 



MARTIN, Jean-Jacque 
Cabinet Regimbeau 
26, avenue Kleber 
F-75116 Paris 
FRANCE 



C J 



CABINET 
REGiMBEAU 



Date d'expedition (jour/mo is/an nee) 

15 novembre 1999(15.11.99) 



Reference du dossier du deposant ou du mandataire 
340214/17794 



NOTIFICATION IMPORTANTE 



Demande Internationale no 
PCT/FR99/02551 



II est notifie au deposant que le Bureau international a regu I'exemplaire original de la demande Internationale precisee 
ci-apres. 

Nom(s) du ou des deposants et de I'Etat ou des Etats pour lesqueis ils sont deposants: 
TRANSGENE S.A. (pour tous les Etats designes sauf US) 
ACRES, Bruno etc. (pour US seulement) 

Date du depot international 20 OCtobre 1 999 (20. 1 0.99) 

Date(s) de priorite revendiquee(s) 22 OCtobre 1 998 (22.1 0.98) 

Date de reception de I'exemplaire original 

par le Bureau international 08 novembre 1 999 (08. 1 1 .99) 

Liste des offices designes '• 



\ 



EP ^T^E^CH^DE^K^SJ^FR^B^RJEJT^U^CNL^T^E 
National :AU,CA,JP,US 



ATTENTION 

Le deposant doit soigneusement verifier les indications figurant dans la presente notification. En cas de divergence entre ces 
indications et celles que contient la demande internationale, il doit aviser immediatement le Bureau international. 

En outre, I'attention du deposant est appelee sur les renseignements donnes dans Tannexe en ce qui concerne 



les delais dans lesqueis doit etre abordee la phase nationale 
| X | la confirmation des designations faites par mesure de precaution 
[ | les exigences relatives aux documents de priorite. 



Une copie de la presente notification est envoyee a Toffice recepteur et a ('administration chargee de la recherche internationale. 



Bureau international de I'OMPI 
34, chemin des Colombettes 
1211 Geneve 20. Suisse 



n°de telecopeur (41-22) 740.14.35 



Fonctionnaire autorisa 

S. Baharfou 

n*de telephone (41 -22) 338.83.38 



Formulaire PCT/IB/301 (juillet 1998) 



002951916 



m JSB M 

i^^HHnde Internationale no 

ANNEXE D^^BrMULAIRE PCT/IB/301 PCT/FR99/02551 



RENSEIGNEMENTS CONCERNANT LES DELAIS DANS LESQUELS DOIT ETRE ABORDEE 

LA PHASE NATIONALE 



It est rappele au deposant qu'il doit aborder la "phase nationale" aupres de chacun des offices designes indiques sur la 
notification de la reception de I'exemplaire original (formulaire PCT/IB/301) en payant les taxes nationaies et en remettant les 
traductions, telles qu'elles sont prescrites par les legislations nationaies. 

Le delai d'accomplissement de ces actes de procedure est de 20 MOIS a compter dela date de priorite ou, pour les Etats 
designes qui ont ete elus par le deposant dans une demande d'examen preliminaire international ou dans une election ulterieure, 
de 30 MOIS a compter de la date de priorite, a condition que cette electionatt ete effectuee avant ('expiration du 19e mois a 
compter de la date de priorite. Certains offices designes (ou elus) ont fixe des delais qui expirent au-dela de 20 ou 30 mois a 
compter de la date de priorite. D'autres offices accordent une prolongation des delais ou un delai de grace, dans certains cas 
moyennant le paiement d'une taxe supplemental. 

En plus de ces actes de procedure, le deposant devra dans certains cas satisfaire a d'autres exigences particulieres 
applicables dans certains offices. II appartient au deposant de veiller a remplir en temps voulu les conditions requises pour 
I'ouverture de la phase nationale. La majorite des offices designes n'envoient pas de rappel a I'approche de la date limite pour 
aborder la phase nationale. 

Des informations detaillees concernant les actes de procedure a accompli r pour aborder la phase nationale aupres de 
chaque office designe, les delais applicables et la possibility d'obtenir une prolongation des delais ou un delai de grace et toutes 
autres conditions applicables figurent dans le volume II du Guide du deposant du PCT. Les exigences concernant le depot d'une 
demande d'examen preliminaire international sont exposees dans le chapitre IX du volume I du Guide du deposant du PCT. 

GR et ES sont devenues liees par le chapitre II du PCT le 7 septembre 1996 et le 6 septembre1997, respectivement, et 
peuvent done etre elues dans une demande d'examen preliminaire international ou dans une election ulterieure presentee le 7 
septembre 1996 (ou a une date posterieure) ou le 6 septembre 1997 (ou a une date posterieure), respectivement, quelle que soit 
la date de depot de la demande internationale (voir le second paragraphe, ci-dessus). 

Veuillez noter que seul un deposant qui est ressortissant d'un Etat contractant du PCT lie par le chapitre II ou qui y a 
son domicile peut presenter une demande d'examen preliminaire international. 



CONFIRMATION DES DESIGNATIONS FAITES PAR MESURE DE PRECAUTION 



Seules les designations expresses faites dans la requete conformement a la regie 4.9.a) figurent dans la presente 
notification. II est important de verifier si ces designations ont ete faites correctement. Des erreurs dans les designations peuvent 
etre corrigees lorsque des designations ont ete faites par mesure de precaution en vertu de la regie 4.9.b). Toute designation 
ainsi faite peut etre confirmee conformement aux dispositions de la regie 4.9.c) avant I'expiration d'un delai de 15 mois a 
compter de la date de priorite. En I'absence de confirmation, une designation faite par mesure de precaution sera consideree 
comme retiree par le deposant. II ne sera adresse aucun rappel ni invitation. Pour confirmer une designation , il faut deposer une 
declaration prectsant I'Etat designe concerne (avec ('indication de la forme de protection ou de traitement souhaitee) et payer les 
taxes de designation et de confirmation. La confirmation doit parvenir a I'office recepteur dans le delai de 15 mois. 



EXIGENCES RELATIVES AUX DOCUMENTS DE PRIORITE 



Pour les deposants qui n'ont pas encore satisfait aux exigences relatives aux documents de priorite, il est rappele ce qui 

suit. 

Lorsque la priorite d'une demande nationale, regionale ou internationale anterieure est revendiquee. le deposant doit 
presenter une copie de cette demande anterieure, certifiee conforme par ['administration aupres de laquelle elle a ete deposee 
("document de priorite"), a I'office recepteur (qui la transmettra au Bureau international) ou directement au Bureau international, 
avant I'expiration d'un delai de 16 mois a compter de la date de priorite, etant entendu que tout document de priorite peut etre 
presente au Bureau international avant la date de publication de la demande internationale, auquel cas ce document sera repute 
avoir ete regu par le Bureau international le dernier jour du delai de 16 mois (regie 17.1. a)). 

Lorsque le document de priorite est deiivre par I'office recepteur, le deposant peut, au lieu de presenter ce document 
demander a I'office recepteur de le preparer et de le transmettre au Bureau international. La requete a cet effet doit etre 
formulee avant I'expiration du delai de 16 mois et peut etre soumise au paiement d'une taxe (regie 17.1.b)). 

Si le document de priorite en question n'est pas fourni au Bureau international, ou si la demande adressee a Toffice recepteur 
de preparer et de transmettre le document de priorite n'a pas ete faite (et la taxe correspondante acquittee, le cas echeant) 
avant I'expiration du delai applicable mentionne aux paragraphes precedents, tout Etat designe peut ne pas tenir compte 
de la revendication de priorite; toutefois, aucun office designe ne peut decider de ne pas tenir compte de la revendication de 
priorite avant d'avoir donne au deposant la possibility de remettre le document de priorite dans un delai raisonnable en I'espece. 

Lorsque plusieurs priorites sont revendiquees, la date de priorite a prendre en consideration aux fins du calcul du delai de 
16 mois est la date du depot de la demande la plus ancienne dont la priorite est revendiquee. 



Formulaire PCT/IB/301 (annexe) (juillet 1998) 



002951916 



TRAITEf 



PCT/FR99/02551 



OOPERATION EN MATIEF^B>E BREVETS 

Expediteur : le BUREAU INTERNATIONAL 



PCT 


Destinataire: 


NOTIFICATION RELATIVE 
A 1 A PRESENTATION OU A LA TRANSMISSION 
DU DOCUMENT DE PRIORITE 

/ ! « a<I- *a+ ■ n rvi inloti'ltii/a >1 1 | Hi 1 Pill 

(instruction aairiinisiraiive *t i i au r i j 


MARTIN Jpan- Jacaues 
Cabinet Regimbeau 
26, avenue Kleber 
F-751 16 Paris 
FRANCE 


Date d'expedition (jour/mo is/an nee) 
15 novembre 1999 (15.11.99) 






Reference du dossier du deposant ou du mandataire 
340214/17794 


NOTIFICA 1 IUiM livlrHJK 1 AIN 1 1 


Demande Internationale no 
PCT/FR99/02551 


Date du depot international (jour/mois/annee) 

20 octobre 1999 (20.10.99) 


Date de publication intemationale (jour/mois/annee) 

Pas encore publiee 


Date de priorite (jour/mois/annee) 
22 octobre 1998 (22.10.98) 


Deposant 




TRANSGENE S.A. etc 




1. La date de reception (sauf lorsque les lettres "NR" figurent dans la colonne de droite) par le Bureau international du ou des 
documents de priorite correspondant a la ou aux demandes enumerees ci-apres est notifiee au deposant. Sauf indication 
contraire consistant en un asterisque figurant a cote d'une date de reception, ou les lettres "NR", dans la colonne de droite, 
le document de priorite en question a ete presente ou transmis au Bureau international d'une maniere conforme a la 
regie 17.1.a) ou b). 

2. Ce formulaire met a jour et remplace toute notification relative a la presentation ou a ia transmission du document de priorite 
qui a ete envoyee precedemment. 

3. Un asterisque(*) figurant a cote d'une date de reception dans la colonne de droite signale un document de priorite presente 
ou transmis au Bureau international mais de maniere non conforme a la regie 17.1. a) ou b). Dans ce cas, I'attention du 
deposant est appelee sur la regie 1 7.1 .c) qui stipule qu'aucun office designe ne peut decider dene pas tenir compte de la 
revendication de priorite avant d'avoir donne au deposant la possibility de remettre le document de priorite dans un delai 
raisonnable en I'espece. 

4. Les lettres "NR" figurant dans la colonne de droite signalent un document de priorite que le Bureau international n'a pas 
regu ou que le deposant n'a pas demande a I'office recepteur de preparer et de transmettre au Bureau international 
conformement a la regie 17.1.a) ou b), respectivement. Dans ce cas, rattention du deposant est appelee sur la regie 17.1.c) 
qui stipule qu'aucun office designe ne peut decider de ne pas tenir compte de ia revendication de priorite avant d'avoir donne 
au deposant la possibility de remettre le document de priorite dans un delai raisonnable en I'espece. 


Date de Driorite Demande de Driorite n* Pavs. office reaional ou Date de reception du 

office receoteur selon le PCT document de Driorite 


22 octo 1998 (22.10.98) 98/13279 


FR 08 nove 1 999 (08. 1 1 .99) 


Bureau international de I'OMPI 
34, chemin des Colombettes 
1211 Geneve 20, Suisse 

no de telecopieur (41-22) 740.14.35 


Fonctionnaire autorise:^— [^-^ 

S. Baharlou > ^^" ^ 

no de telephone (41-22) 338.83.38 


Formulaire PCT/IB/304 Quillet 1998) 


002951917 



TRATTE D 



PERATION EN MATIERE 



ETS 



Expediteur: L'ADMINISTRATION CHARGEE DE 

UEXAMEN PRELIMINAIRE INTERNATIONAL 



Destinataire: 

MARTIN, Jean-Jacques. 
CABINET REGIMBEAU 
26, avenue Kleber 
F-75116 Paris 
FRANCE 



ARRIVE L E 



?'97.00T>nM 



RFr.^-,RPAI I 



PCT 



NOTIFICATION DE TRANSMISSION DU 
RAPPORT D'EXAMEN PRELIMINAIRE 
INTERNATIONAL 

(regie 71.1 du PCT) 



Reference du dossier du cteposant ou du mandataire 
340214/17794 



Date cf expedition 

(jour/mois/ann4e) 24 . 08 . 2000 



NOTIFICATION IMPORTANTE 



Oemande internationale No. 
PCT/FR99/02551 



Date du depot international (jour/moi$/ann6e) 
20/10/1999 



Date de priority (jour/mois/ann6e) 
22/10/1998 



Deposant 

TRANSGENE S.A. et al. 



1 . II est notifie au deposant que I'administration chargee de I'examen preliminaire international a etabli le rapport 
d'examen preliminaire international pour la demande Internationale et le !ui transmet ci-joint, accompagne, le 
cas echeant, de ces annexes. 

2. Une copie du present rapport et, le cas echeant, de ses annexes est transmise au Bureau international pour 
communication a tous les offices elus. 

3. Si tel ou tel office elu Texige, le Bureau international etablira une traduction en langue anglaise du rapport (a 
I'exciusion des annexes de celui-ci) et la transmettra aux offices interesses. 



4. RAPPEL 

Pour aborder la phase nationale aupres de chaque office elu, le deposant doit accomplir certains actes (depot 
de traduction et paiement des taxes nationales) dans le delai de 30 mois a compter de la date de priorite (ou 
plus tard pour ce qui conceme certains offices) (article 39.1) (voir aussi le rappel envoye par le Bureau 
international dans le formulaire PCT/IB/301). 

Losrqu f une traduction de la demande internationale doit etre remise a un office elu, elle doit comporter la 
traduction de toute annexe du rapport d'examen preliminaire international. II appartient au deposant d'etablir la 
traduction en question et de la remettre directement a chaque office elu interesse. 

Pour plus de precisions en ce qui conceme les delais applicables et les exigences des offices elus, voir le 
Volume II du Guide du deposant du PCT. 



Nom et adresse postale de I'adminstration charged de I'examen 
preliminaire international 

Office europeen des brevets 
D-80298 Munich 

T6I. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: 449 89 2399 - 4465 



Fonctionnatre autorise 
Vullo, C 

TeT+49 89 2399-8061 



Formulaire PCT/IPEA/416 Guiiiet 1992) 



PATENT COOPERATION TREATY 

From the INTERNATIONAL BUREAU 



PCT 



NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1 (c), first sentence) 



Date of mailing (day/month/year) 
04 May 2000 (04.05.00) 



To: 



MARTIN, Jean-Jacques 
Cabinet Regimbeau 
26, avenue Kleber 
F-751 16 Paris 
FRANCE 

[stamp] 



Applicant's or agent's file reference 
340214/17794 


IMPORTANT NOTICE 


International application No. 
PCT/FR99/02551 


International filing date (day/month/year) 
20 October 1 999 (20. 1 0.99) 


Priority date (day/month/year) 
22 October 1998 (22.10.98) 


Applicant 

TRANSGENE S.A. etc 



Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application to 

the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,JP,US 

In accordance with Rule 47.1(c), third sentence, each designated Office will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy of the 
international application is required to be furnished by the applicant to the designated Office(s). 

The following designated Offices have waived their requirement whereby this communication must take place by that date: 
CA,EP 

Communication will take place only when requested by these Offices. Moreover, the applicant is not required to furnish a copy of 
the international application to the Offices in question (Rule 49.1)a-bis)). 

Enclosed with this Notice is a copy of the international application as published by the International Bureau on 

04 May 2000 (04.05.00) (date) under No. WO/ 00/24896 

REMINDER REGARDING CHAPTER 11 (Article 31.2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 1 9-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the right 
to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months or 
30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the Annex to 
Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 





Authorized officer: 


The International Bureau of WIPO 




34, chemin des Colombettes 




1211 Geneva 20, Switzerland 


J. Zahra 


Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22)338.83.38 



Form PCT/IB/308 (July 1996) 



RAPPORT DE RECHER' 



INTERNATIONALE 



Oei o ftntemattonato No 

PCT/FR 99/02551 



A. CLASS EMENT OE L'OBJET DE LA DEMANOE 

CIB 7 C12N15/13 C12N5/10 A61K48/00 
A61P35/00 //C07K16/28.C07K16/00 



A61K35/14 A61P31/12 
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The cDNAfor an antibody light chain raised by immu- 
nization against vasoactive intestinal peptide (VIP) was 
cloned in a bacterial expression vector, and the recom- 
binant light chain was purified to electrophoretic homo- 
geneity. The light chain catalyzed the hydrolysis of VIP 
efficiently owing to its comparatively high affinity for 
the substrate. In control experiments, the catalytic ac- 
tivity was preserved at a constant level after further 
chromatography of the light chain on anion-exchange 
and gel-filtration fast protein liquid chromatography 
columns, and it was removed by immunoadsorption 
with immobilized anti-mouse light chain antibody. The 
amide bond linking methylcoumarinamide (MCA) and 
arginine in a tripeptide unrelated in sequence to VIP 
was cleaved by the light chain with lower affinity and 
kinetic efficiency (k c JK m ).. Hydrolysis of the peptidyl- 
MCA conjugate was inhibited competitively by the alter- 
nate substrate, VIP. The K t and values for VIP were in 
the same range, indicating that peptide-MCA and VIP 
hydrolysis occurs at a common catalytic site in the light 
chain. Molecular modeling suggested the presence of a 
serine protease-like site in the light chain. This was sup- 
ported by inhibition of the hydrolytic activity by serine 
protease inhibitors, but not by inhibitors of other 
classes of proteases. These observations suggest a 
poorly discriminatory catalytic site, with specificity for 
VIP arising chiefly by means of the antigen recognition 
function of the light chain combining site. 



Efficient catalysis by autoantibodies to vasoactive intestinal 
polypeptide (VIP) 1 (1) and DNA (2) has been reported, but the 
genesis of these activities and the identity of antigens inciting 
formation of the antibody catalysts are not clear. Since transi- 
tion state lifetimes are very short, an antitransition state spec- 
ificity is an unlikely explanation for the catalytic activity of 
autoantibodies. In analogy with the evolution of enzymes, se- 
quence diversification occurring in antibody variable region 
genes (3) over the course of the immune response could result 
in the formation of catalytic active sites. The key test of this 
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hypothesis is that irnmunization with natural antigens, as op- 
posed to commonly used transition state mimics (4), should 
lead to development of catalytic antibodies. A monoclonal anti- 
body raised to VIP displays a peptidolytic activity, but this 
activity is expressed only in very dilute solutions (see Ref. 5 for 
discussion). Consequently, this antibody is unsuitable for de- 
tailed study of catalysis and demonstration of turnover, a de- 
fining feature of a true catalyst. Here, we report efficient ca- 
talysis by the recombinant light chain subunit of the anti-VTP 
antibody. The activity shows preference for VIP at the substrate 
binding step, but turnover rates for VIP and a nonhomologous 
protease substrate are nearly equivalent. The presence of a 
serine protease-like catalytic triad in the light chain was sug- 
gested by molecular modeling and supported by inhibition of 
the activity by serine protease inhibitors. These observations 
indicate a poorly discriminatory catalytic site in the light chain, 
with specificity for VIP arising chiefly by means of the high 
affinity antigen binding function. 

MATERIALS AND METHODS 
cDNA Amplification and Cloning— A hybridoma cell line (clone c23.5) 
secreting a monoclonal antibody was developed from a mouse 
hyperimmunized with a VIP-keyhole limpet hemocyanin conjugate 
(5). cDNA preparation was by the reverse transcriptase-polymerase 
chain reaction method from RNA isolated from 3 x 10 7 c23.5 hybridoma 
cells (6) using forward (GAGTCATTCTGCGGCCGCCTCATTCCT- 
GTTGAAGCTCTTGAC) and back (GTCCTCGCAACTGCGGCCAGC- 
CGGCCATGGCCGAYGTNGTNATGACNCAGAC) primers correspond- 
ing to constant region residues 206-213 and framework 1 residues 1-8 
(Asp-Val-Val-Met-Thr-Gln-Thr-Pro, determined by N-terminal sequenc- 
ing of the reduced and alkylated light chain purified from antibody 
c23.5 (7)). The cDNA(801 base pairs) was inserted into pCANTAB5/us 6 
(8, 9) via Sfil an&Notl restriction sites (underlined). Sequencing was by 
the dideoxy chain termination method (30) using vector-specific primers 
located in the vector on the 5'-side (CAGGAAACAGCTATGAC) and 
3'-side (GAATTTTCTGTATATGGG) of the insert. Transformation of 
Escherichia coli (HB2151) was by electroporation; recombinants were 
grown in ampicillin; expression was induced with 1 him isopropyl-l-thio- 
^-D-galactopyranoside (2.5 h, 30 °C); and a periplasmic extract was 
prepared in 10 mM sodium phosphate, 1 dim EDTA, pH 7.2, 1 m sodium 
chloride and dialyzed against 50 mM Tris-HCl, pH 7.4, 0.025% 
Tween 20. 

L-chain Purification— The his 6 tag permitted purification of the re- 
combinant protein by two cycles of chromatography on chelating fast- 
flow Sepharose (Pharmacia Biotech Inc.) charged with 0.2 m nickel 
sulfate and equilibrated with 50 mM Tris-HCl, pH 7.4, 0.025% Tween 20 
(equilibration buffer). The column was washed (2 ml/min) successively 
with equilibration buffer and with 2 m ammonium chloride in equili- 
bration buffer, 50 mM sodium formate, pH 3.8, 0.025% Tween 20 and 
eluted with 50 mM EDTA in equilibration buffer. Light chain detection 
was by dot blots for the C-terminal c-myc tag using samples (50 ul) 
plated on 0.2-um nitrocellulose (BA83, Schleicher & Schuell) in a Bio- 
Rad blotting apparatus, blocked (2 h) with 5% bovine serum albumin in 
phosphate-buffered saline, treated (60 min each) with mouse anti-c-myc 
antibody (1:500 dilution of ascites; clone 9E10, American Type Culture 
Collection) and goat anti-mouse IgG conjugated to horseradish peroxi- 
dase (1:1000 dilution; Sigma), and stained with 0.03% (w/v) diamino- 
benzidine (Sigma) in 0.03% H 2 0 2 . EDTA fractions containing c-myc- 
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Fig. 1. A, cloning region of pCANTAB5/iis 6 ; B, IEF {left) and SDS-polyacrylamide gel electrophoresis (right) of the purified recombinant anti-VIP 
light chain. Shown on the IEF gel are silver-stained pi protein markers (left lane) and the light chain (right lane). Shown on the SDS- 
polyacrylamide gel are silver-stained (lane 1) and anti-c-myc antibody-stained (lane 2) light chains. 

stainable light chain were dialyzed and rechromatographed on with ^I using cWoramine T, and [^I-T^ 10 JVIP was separated by 
chelating Sepharose (bed volume of 10 ml). Light chain expression 
levels were 1-2 mg/liter of bacterial culture, and the yield of the pure 
protein was 350 ug/liter. Isoelectric focusing was on Phast IEF gels, pH 
3-9, and SDS-polyacrylamide gel electrophoresis was on 8-25% Phast 
acrylamide gels. SDS gels were diffusion-blotted onto nitrocellulose 
membranes for 30 min and stained with anti-c-myc antibody. The N- 
terminal amino acid sequence of the recombinant light chain (2.5 ug) 
adsorbed on a polyvinylidene difluoride membrane (ProSpin cartridge, 
Applied Biosystems Inc.) was determined by automated Edman degra- 
dation as described (7). Anion-exchange chromatography was on a 
Mono-Q column (Pharmacia Biotech Inc.; 0-1 m NaCl (30 min) in 50 dim 
Tris-HCl, pH 7.4, 0.025% Tween 20), and gel-filtration chromatography 
was on a Superose 12 column (Pharmacia Biotech Inc.; 0.5 ml/min) (10). 
Light chain recovered from the gel filtration column (retention time of 
28 min) and from the Mono-Q column (elution position at 0.43 m NaCl) 
was dialyzed against assay diluent prior to determination of hydrolytic 
activity. Immunoadsorption of the light chain (7.5 ug) was for 17 h (4 °C) 
in 50 mM Tris-HCl, 100 min glycine, pH 7.7, 0.025% Tween 20, 0.02% 
sodium azide with the following antibodies immobilized on Sepharose (3 
ml of settled gel): mouse anti-c-myc (clone 9E10), rat anti-mouse K-chain 
(Zymed Laboratories, Inc.), and rat anti-mouse IgG x (Zymed Laborato- 
ries, Inc.). Preparation of immobilized anti-c-myc and the immunoad- 
sorption method were as described (11). The fight chains from reduced 
and alkylated antibody c23.5 and a control nonimmune antibody (from 
myeloma IgG^K; UPC 10, Sigma) were purified in 6 m guanidine hydro- 
chloride and renatured by dialysis as described (7). 

VIP Hydrolysis-Synthetic VIP (HSDAVFTDNYTRLRKQMAVKKY- 
LNSILN-NrLj, peptide content of 81%; Bachem California) was labeled 



reyersed-phase HPLC and identified by N-terminal radiosequencing 
(1, 12). [^I-Tyr^lVIP was treated with the L-chain at 38 °C in 200 ul of 
0.05 m Tris-HCl, 0.1 m glycine, pH 7.7, 0.025% Tween 20, 0.1% bovine 
serum albumin, and peptide hydrolysis was estimated by measuring the 
radioactivity soluble in 10% trichloroacetic acid (1). Estimates of pep- 
tide breakdown by this method are essentially identical to those ob- 
tained by reversed-phase HPLC separation of intact and degraded pep- 
tide fragments (7). Trypsin from bovine pancreas (3 x crystallized, 3080 
units/mg) was from United States Biochemical Corp. Diisopropyl flu- 
orophosphate, aprotinin, iodoacetamide, and pepstatin A were from 
Sigma. 

Peptide-MCA Hydrolysis— Peptide-MCA conjugates (Peptides Inter- 
national Inc.) were treated with the catalyst in 96-well microplates 
(Microfluor W, Dynatech Laboratories Inc.) in 50 ul of 0.05 m Tris-HCl, 
0.1 m glycine, pH 7.7, 0.025% Tween 20 (6 h, 37 °C; A M = 370 nm and A^ 
= 460 nm; Perkin-Elmer LS-50 spectrofluorometer equipped with a 
plate reader). 

Molecular Modeling—A model of the V L *V H complex was prepared ■ 
using AbM™ (Oxford Molecular, Inc.) (13, 14) and minimized by a 
combination of steepest descent and conjugate gradient methods using 
DISCOVER (Biosym Technologies). Greater than 98% of the amino 
acids of the model fell in the allowed regions of a Ramachandran plot. 
The protocol initially fixed all heavy atoms, followed by gradual relax- 
ation of tethering constraints on the side chains and then relaxation of 
constraints on the backbone atoms of the CDRs. A mirror image of the 
catalytic triad of subtilisin (Asp 32 , His 64 , and Ser 221 ) (15) was fitted to 
light chain residues Asp 1 , Ser 28 , and His 98 by superposition of their Cot 
atoms. Terminal atoms of the antibody side chains were template-forced 
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Table I 

Kinetic parameters for VIP and Pro-Phe-Arg-MCA hyydrolysis 
by the recombinant light chain 
[ 125 I-Tyr 10 ]VIP (0.15 nw) breakdown rates were estimated by incuba- 
tion with 5 nM light chain and increasing concentrations of unlabeled 
VIP (1-2000 mi) for 6 h (37 °C). Pro-Phe-Arg-MCA hydrolysis was es- 
timated by incubation with 0.5 um light chain and 2.5-100 um substrate 
for 7 h (37 °C). Data are fitted to the Michaelis-Menten equation (Enz- 
fitter, Biosoft Elsevier). VIP, His-Ser-Asp-Ala-Val-Phe-Thr-Asp-Asn- 
Tyr-^-Arg-Uu-Arg-Lys-Gln-Met-Ala-Val-Lys-Lys-Tyr-Leu-Asn-Ser- 



Table II 

Hydrolysis of peptide-MCA substrates by the anti-VIP light chain 
Reactions were carried out at 50 um substrate and 0.5 um light chain 
for 24 h (37 °C). Values in parentheses are background reaction rates. 



Catalyst 


Substrate 












M 


min' 1 


min' 1 aT j 


L-chain 
L-chain 


VIP 

Pro-Phe-Arg-MCA 


0.2 x 10^ 
11.5 x 10" 6 


1.1 x lO" 2 
6.8 x 10" 3 


5.5 x 10 4 
5.9 x 10 2 


Trypsin 
Trypsin 


VIP 

Pro-Phe-Arg-MCA 


3.8 x lO" 4 
2.0 x 10" 4 


1.1 x 10 s 
2.6 x 10 1 


2.9 x 10 6 
1.3 x 10 5 



Substrate 



Rate 



to their catalytic counterparts and allowed to relax with no constraints 
on the system. N-terminal Asp 1 was not well aligned with Asp 32 of 
subtilisin, but when all 3 light chain residues were template-forced to 
the catalytic triad of the enzyme followed by relaxation of the structure, 
good superposition was evident. The manipulations did not unduly per- 
turb the light chain backbone conformation, and the conformations of 
the canonical CDRs (LI and L3) were retained (16). 

RESULTS AND DISCUSSION 
Catalytic Activity of the Light Chain— Polymerase chain 
reaction-amplified light chain cDNA was inserted into a bacte- 
rial expression vector, and the recombinant protein was puri- 
fied by means of its affinity for metals (Fig. 1). The purified 
light chain preparations contained a single protein migrating 
with an apparent pi between 5.2 and 5.8 on isoelectric focusing 
gels. The molecular mass of the light chain was 27 kDa as 
assessed by SDS-polyacrylamide gel electrophoresis, and the 
protein was immunoblotted by anti-light chain and anti-c-mvc 
antibodies (the recombinant protein contains a 10-residue c- 
myc tag). N-terminal sequencing of the purified protein yielded 
a single peptide sequence (Asp-Val-Val-Met-Thr) corresponding 
to the previously reported sequence of the light chain purified 
from reduced and alkylated antibody c23.5 (7). A linear in- 
crease in [ 125 I-Tyr 10 ]VIP hydrolysis was observed (5.3-^19.4% 
available peptide) at increasing recombinant light chain con- 
centrations (1.5-15 nM). The reaction was saturable at increas- 
ing substrate concentration, and the initial rates were consist- 
ent with Michaelis-Menten kinetics (Table I). The K m value of 
the light chain (0.2 um) was 1900-fold lower than that of tryp- 
sin, a nonspecific protease, determined under identical condi- 
tions. The kinetic efficiency (kJKJ of light chain-catalyzed 
VIP hydrolysis is only 53-fold lower than that of trypsin. Treat- 
ment of 30 um nonradioactive VIP with 2 um light chain for 6 h 
resulted in 32% peptide hydrolysis estimated using an HPLC 
assay, 2 corresponding to 4.8 catalyst turnovers. This value is 
close to the turnover determined by radiometric analyses. 

The specificity of catalysis was examined by screening for 
hydrolysis of synthetic peptide-MCA conjugates, a reaction ac- 
companied by increased fluorescence due to accumulation of 
7-amino-4-methylcoumarin (17). Very slow hydrolysis of some 
of the single amino acid-MCA conjugates examined (Phe-MCA, 
Met-MCA, Lys-MCA, and Arg-MCA) was observed (Table II). 
Hydrolysis of the dipeptide-MCA and tripeptide-MCA sub- 
strates was more rapid. The hydrolysis of Pro-Phe-Arg-MCA, a 
substrate bearing no sequence similarity to VIP, was examined 
in detail. The light chain recognized this peptide with low af- 



Leu-MCA 

Ala-MCA 

Met-MCA 

Phe-MCA 

Lys-MCA 

Arg-MCA 

Phe-Arg-MCA° 

Arg-Arg-MCA° 

Pro-Phe-Arg-MCA 

Val-Leu-Lys-MCA* 

Glu-Lys-Lys-MCA 6 



F units 124 h 
<0.6 (2.6) 
0.9 (3.0) 
3.4 (2.5) 
4.2 (1.5) 
4.4 (2.5) 
6.4(3.2) 
38.4 (5.6) 
46.8 (4.0) 
90.3 (2.7) 
147.2 (3.1) 
217.8 (2.1) 



2 Reversed-phase HPLC was as described (10). Peptide hydrolysis 
was estimated based on the decrease in area of the intact VIP peak 
eluted at 46% acetonitrile. Product identities are to be reported 
elsewhere. 



° The N terminus was derivatized with a benzoyl group. 

b The N terminus was derivatized with a £-butyloxycarbonyl group. 



finity (Table I; K m 57-fold greater than for VIP). The turnover 
rates (k^) for Pro-Phe-Arg-MCA and VIP were similar, sug- 
gesting that the hydrolytic site does not discriminate between 
the specific antigen and the nonhomologous substrate at the 
transition state stabilization step of the reactions. This conclu- 
sion assumes a common site to be responsible for hydrolysis of 
VIP and Pro-Phe-Arg-MCA. The validity of this assumption 
was proved by demonstration of competitive inhibition of pep- 
tidyl-MCA hydrolysis by VIP, the tight-binding alternate sub- 
strate (Fig. 2). The apparent ^ (0.33 um) and K m (0.2 um) values 
for VIP were in the same range, suggesting that inhibition of 
Pro-Phe-Arg-MCA hydrolysis is due to the occupancy of the 
light chain-binding site by VIP. These data indicate a poorly 
discriminatory substrate-hydrolyzing site located close to or 
within the VIP-binding site. 

In control experiments, the light chain immunoadsorbed 
with immobilized antibodies to c-myc and antibodies to mouse 
K-chain displayed near-complete loss of VIP hydrolyzing activ- 
ity (11 and 15% of the activity observed by immunoadsorption 
with irrelevant anti-IgGi antibody, respectively). The specific 
activities of the recombinant protein after sequential chroma- 
tography on a metal affinity column, a Mono-Q anion-exchange 
column (elution position at 0.43 m NaCl), and a Superose 12 
gel-filtration column (retention time of 28 min) were 22.8, 24.8, 
and 25.87 cpm x 10 3 /h/ug of light chain with [ 125 I-Tyr 10 ]VIP as 
substrate and 4.8, 4.5, and 4.3 AF/h/ug of light chain with 
Pro-Phe-Arg-MCA as substrate, respectively, where AF denotes 
the increase in fluorescence in arbitrary units relative to sub- 
strate incubated without catalyst. The constancy of these spe- 
cific activity values suggests catalyst homogeneity. Metal affin- 
ity-purified fractions of periplasmic extracts of bacteria 
infected with the control cloning vector without the light chain 
insert did not display catalytic activity. These data, taken to- 
gether with the functional specificity of the catalyst prepara- 
tions for VIP, show that the hydrolytic activities are due to the 
recombinant light chain. 

The light chain was also prepared from reduced and alkyl- 
ated antibody c23.5 in denaturing solvent and renatured by 
dialysis against assay diluent (7). The levels of VIP hydrolyzing 
activity of several preparations were observed to vary as a 
function of the concentration at which the fight chain was held 
during the renaturation step (18), suggesting a negative influ- 
ence of protein aggregation on assumption of a catalyticaUy 
active conformation. This type of activity variability was not 
observed in three recombinant light chain preparations, each of 
which was purified under nondenaturing conditions. Kinetic 
parameters for the reduced and alkylated light chain renatured 
at 0.16 um were as follows: K m = 1.9 ± 0.3 um and ^ t = 1.3 ± 0.1 
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[VIP], uM 

Fig. 2. Inhibition of light chain-catalyzed hydrolysis of Pro- 
Phe-Arg-MCA by VIP. Reaction rates were measured at 1 um light 
chain and 25 (•), 15 (A), or 7.5 ( ♦ ) um substrate. Other conditions were 
as described in the legend to Table I. 
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hi fl thr asp olv Ivs th r thr leu ile trp leu leu gin arg pro 
31 



GGC CAG TCT CCA AAG CGC CTA ATC TAT CTG GTG TCT AAA CTG GAC 
gly gin ser pro lys arg leu ile tyr leu val ser lvs leu asp 
46 



TCT GGA GTC CCT GAC AGG TTC ACT GGC AGT GGA TCA GGG ACA GAT 
ser gly val pro asp arg phe thr gly ser gly ser gly thr asp 
61 



TTC ACA CTG AAA ATC AGC AGA GTG GAG GCT GAG GAT TTG GGA GTT 
phe thr leu lys ile ser arg val glu ala glu asp leu gly val 
76 

271 

TAT TAT TGC TGG CAA GGT ACA CAT TTT CCT CAG ACG TTC GGT GGA 
tyr tyr cys trp gin glv thr his phe pro crln thr phe gly gly 
91 

316 

GGC ACC AAG CTG GAA ATC AAA 
gly thr lys leu glu ile lys 
106 

Fig. 3. Nucleotide sequence and deduced amino acid sequence 
of the anti-VIP light chain inserted in pCANTAB5/»s fl (Gen- 
Bank™ accession number L34775). Complementarity-determining 
regions are underlined. 

x 10" 2 min" 1 . A nonimmune light chain (from myeloma IgG^ic; 
UPC 10, Sigma) purified and renatured under identical condi- 
tions was devoid of catalytic activity. 

Molecular Model of the Light Chain — Inspection of the nu- 
cleotide sequence and the deduced amino acid sequence of the 
V L region (Fig. 3) showed it to be a member of K-chain family II 
(19). A V L V H dimer model of antibody c23.5 was produced, the 
V L domain of which is shown in Fig. 4. This model is relevant to 
the properties of the light chain since dilute solutions of mono- 
clonal c23.5 IgG preparations express a weak peptidolytic ac- 
tivity (5); the recombinant single chain V L V H construct (F v ) of 
this antibody also expresses catalytic activity 3 ; and the struc- 
ture of V L domains is often largely independent of the mode of 



3 S. Paul and Q.-S. Gao, unpublished data. 



Fig. 4. Rendered images of the anti-VIP V L region after tem- 
plate forcing and relaxation of the structure. A shows a backbone 
trace of the light chain region of the modeled V L region before {green) 
and after {white) template forcing and relaxation. Where the backbones 
did not differ, a single color with a reduced thickness for the backbone 
is shown. B illustrates the similar geometry of ligjit chain residues Asp 1 , 
Ser 28 , and His 98 {white) to the catalytic triad (red) of subtilisin after 
template forcing of the structure. C is a rendered image of the V L region 
angled at -30° to the plane of the combining site, showing the Asp 1 
{red), Ser 28 {green\ and His 98 {blue) triad. A-C were produced using 
MOLSCRIPT (27), RASTER3D (28), and GRASP (29), respectively. The 
nucleotide sequence of the V H region (clone c23.5) has been deposited in 
GenBank™ (accession number pending). 

association with V H domains, even where the intersubunit con- 
tacts are not conserved between the light and heavy domains 
(20). The model revealed two potential catalytic sites with a 
composition similar to that found in the catalytic triad of many 
serine proteases (an Asp, a Ser, and a His located in a hydro- 
phobic pocket). The first site (Fig. 4B) contains the N-teraiinal 
aspartic acid residue of the light chain (Asp 1 ), a serine from 
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CDR1 (Ser 28 ), and a histidine from CDR3 (His 98 ). The Ca dis- 
tance geometries and side chain orientations of these residues 
were similar to those of their counterparts from the catalytic 
triad of subtilisin (15). The second site involved residues from 
CDR1 (Ser 28 , His 31 , and Asp 33 ). Template forcing of this site to 
the catalytic geometry of subtilisin disrupted the canonical 
structure of CDR1, rendering it a less likely location for catal- 
ysis. The likelihood of a serine protease-like mechanism is sup- 
ported by observations of reduced light chain-catalyzed VIP 
hydrolysis in the presence of the serine protease inhibitors 
diisopropyl fluorophosphate (200 um) and aprotinin (0.75 um) 
(by 84 and 89%, respectively; assayed as described in the leg- 
end to Table I). Inhibitors of other classes of proteases, includ- 
ing iodoacetamide (2 mM), EDTA (2 mM), and pepstatin A (500 
um), were essentially without effect on the activity. These ob- 
servations suggest that where efficient catalysis of energeti- 
cally difficult reactions by antibodies is seen, known enzymatic 
mechanisms that have evolved over many millions of years will 
be reproduced. 

Conclusion — Polyclonal autoantibody light chains display 
catalytic activity (21). Some light chains secreted by B-lympho- 
cyte tumors express sequence similarities to serine proteases 
(22). light chains contribute a significant proportion of the 
antibody-antigen contact surface (23), and they can independ- 
ently bind antigens (7, 24). The light chain described here was 
raised by immunization with the substrate (VIP), indicating 
that synthesis of catalytic sites is an intrinsic component of the 
immune response to polypeptide antigens. The distinctive prop- 
erty of the light chain not shared by proteolytic enzymes is an 
ability to strongly recognize the ground state of VIP. The lower 
K m of the light chain for VIP compared with the nonhomologous 
substrate is consistent with the clonal selection theory, i.e. the 
light chain has been selected during the immune response to 
VIP because it recognizes the inciting antigen with compara- 
tively high affinity. Polypeptide binding by antibodies can in- 
volve contacts at >15 residues in each molecule (23), but most 
of the binding energy appears to derive from a subset of these 
contacts (2^ 26). In the case of a catalyst, such a multiplicity of 
contacts makes it possible that distinct subsites play important 
roles in the binding and hydrolyzing functions. This is sup- 
ported by hydrolysis of Pro-Phe-Arg-MCAby the anti-VIP light 
chain, a substrate unrelated in sequence to VIP. The turnover 
rate for VIP is no higher than for the nonhomologous substrate, 
pointing to the possibility of an independent evolution of the 
hydrolytic and antigen binding functions. Even so, it is clear 



that the hydrolytic function is preserved in the affinity-ma- 
tured light chain. Therefore, the immune system should prove 
a rich source of catalysts that combine a hydrolytic function 
with strong substrate binding affinity. 
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ABSTRACT 

We identified a 685-nucleotide gene fragment that codes for the transmembrane and cytoplasmic domains of 
glycoprotein of the LEP strain rabies virus and carried out experiments designed to express a novel fusion 
protein on the cell surface. The cDNA encoding the membrane anchor sequence was fused in the correct read- 
ing frame to the 3' end of the cDNA encoding the p subunit of human chorionic gonadotropin (/*h(?G), a se- 
cretory glycoprotein that is used as an antigen for a contraceptive vaccine being developed in our laboratory. 
The fusion gene cassette was placed under the control of a vaccinia virus early promoter and cloned in a host- 
restricted fowlpox viral vector. The recombinants, when used to infect mammalian cells that do not allow the 
replication of fowlpox virus, expressed the N-terminal 135 amino acid residues of /JhCG anchored in the cell 
membrane by the 75-amino acid C-terminal sequence derived from rabies virus glycoprotein. This hybrid 
protein is correctly processed post-translationally and transported efficiently to the plasma membrane of non- 
permissive cells such that the anchored /3hCG molecule retains the correctly folded native antigenic epitope(s). 



INTRODUCTION 

Human chorionic gonadotropin (hCG) is a member of a 
family of glycoprotein hormones that also includes 
luteinizing hormone (LH), follicle-stimulating hormone (FSH), 
and thyroid-stimulating hormone (TSH). Each hormone is a het- 
erodimer consisting of a common a-subunit and a hormone- 
specific jB subunit, encoded by separate genes. 

Human chorionic gonadotropin is an early signal of preg- 
nancy. It stimulates the corpus luteum to produce progesterone 
until the placenta starts producing this steroid. Because of the 
critical role played by hCG in the establishment and mainte- 
nance of early pregnancy, it has been considered a target for a 
contraceptive vaccine. A prototype vaccine based on /? subunit 
of hCG (/JhCG) eliciting Deneutralizing antibodies (Singh et 
a/., 1989; Pat et al. y 1990) has completed probing efficacy tri- 
als (Talwar et al. y 1994), demonstrating the feasibility of the 



approach. The hormonal subunit was required to be chemically 
linked to protein carrier molecules such as tetanus toxoid (TT) 
or diphtheria toxoid (DT) to overcome the immunologic toler- 
ance to the "self molecule. However, chemical linkage of 
0hCG can result in batch-to-batch variation. 

In order to obtain a well-defined fusion protein, we had ear- 
lier constructed a recombinant vaccinia virus capable of ex- 
pressing cell-surface-anchored /3hCG in an immunogenic form 
(Srinivasan et a/., 1995). The use of vaccinia as a live viral vec- 
tor has limitations, however, including its potential for spread- 
ing from vaccinees to unintended subjects and possible com- 
plications associated with its use, especially in immuno- 
compromised individuals. The present study was undertaken to 
investigate the feasibility of producing 0hCG in a mammalian 
cell line using fowlpox vector. Because fowlpox virus (FPV) 
does not replicate in non-avian hosts, this approach would avoid 
the above-mentioned concerns. Fowlpox recombinants have in 
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the past been used to express rabies glycoprotein (Taylor et al. y 
1988) and the env or gag-pol polypeptides of simian immun- 
odeficiency virus (Jenkins et a/., 1991) in mammalian cells, in 
which FPV infection is abortive. In this paper, we report on the 
identification of a sequence representing the transmembrane 
and cytoplasmic domains of LEP strain rabies virus glycopro- 
tein (RGL). Using this anchor sequence, a recombinant FPV 
was constructed that expressed 0hCG on the cell surface. The 
hormonal subunit attained an immunologically active confor- 
mation similar to that seen in the native molecule. 

MATERIALS AND METHODS 

Plasmids, virus, and primary cell cultures 

The FPV (CEVA strain) and the FPV transfer vector 
pBHCX402 were kindly provided by Dr. Deoki Tripathy, Uni- 
versity of Illinois, USA. Plasmid Bluescript KS" used for inter- 
mediate cloning stages was obtained from Stratagene. The CV1 
monkey cells (obtained from the National Centre for Cell Sci- 
ence, Pune, India) were grown in Dulbecco's modified Eagle 
medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS; HyClone Labs Inc.). Primary chick embryo fibroblasts 
were isolated from pathogen-free embryonated eggs (Govern- 
ment Poultry Farm, Satbari, New Delhi). After removal of hair 
and other cornified tissues (claws, beak, eyes) and viscera, 10- 
to 12-day-old embryos were trypsinized according to Solomon 
(1975). The disaggregated cells were maintained in Medium 199 
supplemented with 10% FBS and antibiotics. Restriction en- 
zymes were obtained from Boehringer Mannheim, Germany; 
other fine chemicals, media, and antibiotics were from Sigma 
Chemical Co. or GIBCO BRL. Enzymatic manipulations of DNA 
were performed as described by Maniatis et al (1982). 
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FIG. 1. Northern blot hybridization. Total RNA was isolated 
from mouse brain tissue infected with the LEP strain of rabies 
virus. The figure shows total RNA (lane 3), poly(A) + RNA 
(lane 2), and poly(A)" RNA (lane 1). The DNA of rabies gly- 
coprotein of CVS strain (RabGP) was used as control (lane 4). 
The blot was probed with 1.65-kb RabGP DNA labeled with 
[a^PldCTP by random priming (Boehringer Mannheim, Ger- 
many). The autoradiograph shows a distinct band around 18S, 
corresponding to an RNA size of approximately 2.0 kb. The 
relative concentration of the glycoprotein message is about 
1:1000 compared with the concentration of RabGP DNA. 
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FIG. 2. Cloning of the RGL transmembrane domain. Subclone 
CS1 containing the RGL gene fragment (nt 521-2042) in the 
pBluescript KS" vector was cut with ////icII.'The vector-linked 
3' gene fragment (nt 1358-2042) was eluted from the gel and 
religated with the regeneration of the HincU site to give rise to 
pA03. The presence of a 685-bp fragment coding for the mem- 
brane anchor sequence of rabies glycoprotein was confirmed by 
restriction analysis. Lane 1 = lambda HindJR marker, lane 2 = 
EcoRI + //men digest; lane 3 = EcoRI 4- BamHI digest; lane 
4 = EcoRI + BglU digest. When cut with restriction enzymes 
EcoRI and HincU, the 685-bp insert is released. Cutting with 
EcoRI and BamHI releases a 388-bp fragment comprised pre- 
dominantly of 3' UTR, while a 274-bp fragment is similarly re- 
leased on digestion with EcoRI and BglU. 
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Isolation of RNA and Northern blot analysis 

Total RNA of LEP strain rabies virus was isolated from the 
brain tissue of mice infected with the virus following the pro- 
cedure of Chirgwin et al (1979). Consistendy, about 2 mg of 
RNA per gram of brain tissue could be obtained. The poly(A) + 
RNA was isolated using a oligo(dT) cellulose gravity column 
(New England Biolabs, USA). Northern blotting was performed 
after electrophoresis in 1% formaldehyde-containing agarose 
gel (Sambrook et a/., 1989). The filters were hybridized in a 
solution containing 6X SSC, 50% formamide, 5X Denhardt's 
solution, and 0.5% SDS for 24 h at 42°C with 32 P-labeled 
RabGP 2 X 10 6 cpm/ml as probe. (The gene was a kind gift 
from Dr. J.J. Esposito, Centers for Disease Control and Pre- 
vention, Atlanta). Final washing conditions were 0.2 X SSC, 
0.5% SDS at 65°C for 60 min. 



Isolation of RGL cDNA and sequence analysis 

The cDNA was synthesized from the poly(A) + RNA and 
oligo(dT) primer using the cDNA synthesis kit (Amersham, 
UK) according to the manufacturer's instructions. The blunt- 
ended cDNA was methylated using £c<?RI methylase and EcoKl 
linkers (New England Biolabs) added using T4 DNA ligase. 
The linker-ligated cDNA was then ligated to the EcoRI-digested 
and dephosphorylated Agtll arms and packaged using the Gi- 
gapack II extract as described by the manufacturer (Stratagene, 
USA). The packaged phage cDNA library was screened for the 
presence of RGL cDNA using 32 P-labeled RabGP DNA as 
probe. The DNA was isolated from the positive clone and se- 
quenced completely by constructing its subclones. Nucleotide 
sequencing of double-stranded DNA templates was performed 
by the chain termination method (Sanger et al, 1977) using Se- 



quenase 2.0 (U.S. Biochemicals, USA) and [of 35 S]dATP (NEN, 
USA). Computer homology search of the nucleotide and pre- 
dicted amino acid sequences were done using the DN ASIS soft- 
ware package. 

Generation of recombinant FPV 

A total of 3 X 10 6 cells (chick embryo fibroblasts) in a T- 
25 culture flask were infected with wild-type FPV at a multi- 
plicity of infection (MOD of 0.01 pfu/cell. Transfection was 
then carried out with 20 /ig of DNA (recombinant plasmid) us- 
ing lipofectin. Five days later, fresh cells were infected with 
crude cell lysates found positive for the expression of 0hCG. 
The recombinant plaques were selected by their blue color in 
the presence of chromogenic substrate, Bluo-gal (GIBCO BRL, 
USA). 

Immunofluorescence 

The CV1 cells grown to confluency were infected with the 
recombinant or wild-type virus at an MOI of 10 pfu/cell The 
cellular location of anchored 0hCG was determined 24 h postin- 
fection by indirect immunofluorescence using a £hCG-specific 
monoclonal antibody. A fluorescein isothiocyanate (FTTC)-la- 
beled goat anti-mouse antibody (Sigma), was employed as the 
secondary reagent. 

i 

Detection and immunoreactivity of fthCG 

The CV1 cells were infected with 10 pfu/cell of recombi- 
nant FPV. Culture supernatant fluid was harvested 24 h 
postinfection and cleared of cellular debris by centrifugation 
at 4000 X g for 10 min. The infected monolayer of cells was 



-1358 GACCTGGGTCTCCCGAACTGGGGGAAGTATGTA 
-431 DLGLPNWGKYV 



TTAATGATTGCAGGGGCCTTGATTGCCCTGATGTTGATAATTTTCCTGATGACATGTTGC 
LMIAGALIALMLI I FLMTCC 

AGAAGAGTCAATCGACCAGAATCTTCGCAAAGCAGTCTTGGAGAGACAGGGAGAAATGTG 
RRVNRPE S SQS S LGE TGRNV 

TCAGTCACTTCCCAAAGCGGAAAAGTCATATCTTCATGGGAGTCATATAAGAGTGGAGGC 
SVTSQSGKVISSWESYKSGG 

GAGACCAGACTGTGAAGGCCGGTCATCCTTTTGACACTTCAAGTCCCGAGGATAACCTCC 
E T R L 



1390 
441 



1450 
461 



1510 
481 



1570 
501 



1630 
505 



TCTCGGGGTTGGGGGGAATCTTG |GGATCCj AGTAGTCCTCCTTGAACTCCATCCAACAGGG 
TAGATTTAAGAGTCATGAGACTTTCATTAATCATCTCAGTTGATCAGACATGGTCGTGTA 
GATTCTCATAACACGG G}AGATCTf rCTAGCAGTTTCAGTGACCAACGGTGCTTTCCTTCTC 
CAGGAACTGATACCGAAGTTGTTGGACAAGCCAAGGGGTGCTTCGGATTACTCTGTGCTT 
GGGC ACAGAAAGAGGTC GTAGTTTGC C C CTTGATAGCAGATTC AACATGAATT AAC T AAG 
AAAGGCGATCTGCCTCCCATGAAGGACATAAGCAATAGTTCACAATCATCTTGCATCTCA 
GTGAAGTGTACATAACTATAAAGGGCTGGGTCATCTAAGCATTTCAGTC GAG 

FIG. 3. Nucleotide and deduced amino acid sequence of C-terminal transmembrane and cytoplasmic domdnsof RGL. The 
translation termination codon is underlined. The restriction sites for BamW and BgM are shown m the 3 UTR (boxed). 
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scraped out with a rubber policeman and pelleted by cen- 
trifugation. The cell pellet was lysed by repeated freeze-thaw- 
ing followed by sonication. The lysate volume was adjusted 
to that of the culture supernatant fluid with DMEM. The 
amounts of the expressed subunit in both fractions (cell pel- 
let and culture supernatant fluid) were quantified by RIA us- 
ing purified native /3hCG as the standard (Singh and Capoor, 
1993). The relative affinity of recombinant )3hCG for bind- 
ing to a reference monoclonal antibody was determined by 
the cold displacement method essentially as described (Singh 
et a/., 1989). Briefly, increasing amounts of /3hCG (recom- 
binant or native) were incubated with diluted antibody in the 
presence of 125 I-hCG at 4°C for 24 h. Bound fractions pre- 
cipitated by 12.5% PEG 8000 were separated by centrifuga- 
tion at 1500 X g for 20 min, and radioactivity was counted 
in an LKB multi-y-counter. Association constants of anti- 




^ Smal 

Elution of the 545 bp fragment 
from the gel 




gen-antibody interaction were computed by nonlinear re- 
gression analysis using a computer program (Munson and 
Rodbard, 1980). 



RESULTS 

Identification and cloning of RGL gene 
transmembrane domain 

To isolate the cDNA corresponding to the C-terminal trans- 
membrane and cytoplasmic domains, we cloned the gene for 
RGL from infected mouse brain tissue. Its cDNA was synthe- 
sized from the poly(A) + RNA that in turn was isolated from 
the total RNA (Fig. 1) using oligo(dT) cellulose. The 2042-bp 
RGL gene codes for a mature protein of 505 amino acids. Se- 
quence alignment and homology search of the C-terminal re- 
gion of the derived protein was carried out with other known 
rabies virus glycoprotein sequences. This analysis revealed a 
hydrophobic region of 22 amino acids (440-461 residues of the 
mature protein), characteristic of a transmembrane domain, fol- 
lowed by a 44-amino acid cytoplasmic domain. The region has 
93.3%, 80%, 81.3%, and 80% identity with the corresponding 
region of HEP, PV, ERA, and CVS strains, respectively, the 
overall protein similarity being 96.6%, 92.7%, 91.8%, and 
90.0%. Sequence analysis of the 3' end of the gene revealed a 
convenient restriction site for the enzyme Hinc% which was 



FIG. 4. Construction of chimeric jShCG gene. Plasmid pAOl , 
containing /3hCG gene at the HindJU site of the cloning vector 
pBluescript KS" was digested with Smal to release the gene as 
a blunt-ended fragment. Because of the presence of an internal 
Smal site in the gene, 50 bp is removed from the 3' end. The 
fragment was eluted from the gel and purified. It was then lig- 
ated to pA03 (which contained the transmembrane domain of 
the rabies glycoprotein gene) that was cut with Accl and made 
blunt ended by Klenow filling. The enzyme Accl cut the codon 
internally (1 bp next to the HincU site) in such a way that there 
was no irameshift on fusion with the blunt-ended /3hCG gene 
fragment. 
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FIG. 5. Characterization of R-jShCG gene cassette in plasmid 
pA04. Gel picture (left) showing size of fragments obtained on 
digestion with various restriction enzymes. Southern blot (right) 
of the same using [ 32 P]-0hCG as probe. Lane 1 = lambda 
HMTH marker, lane 2 = BamHl digest; lane 3 = Hindm + 
Smal digest; lane 4 = £c<?RI digest; lane 5 = EcoKl + Bglll 
digest. The entire fused gene cassette of »1.2 kb is released on 
digestion with HMU1 and Smal (lane 3). As expected, the same 
insert is released on digestion with £coRI (lane 4). There is one 
internal Bgia site in the UTR of the fused gene which truncates 
it by 274 bp; hence, a band of ~0.9 kb is seen in lane 5. Cut- 
ting with BamHl releases a small fragment of 388 bp (seen in 
lane 2 of gel), which does not hybridize with the [ 32 P]0hCG 
probe and is not seen in the autoradiogram accompanying the 
gel picture. Instead, the portion remaining with the vector and 
harboring the /3hCG gene fragment at the 5' end lights up in 
lane 2 of the autoradiogram. 
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used to extract the membrane anchor sequence from a subclone 
(Fig. 2). The resultant plasmid pA03 contains 685 bp of the 3' 
end of the rabies glycoprotein gene, which has a coding region 
for a 75-amino acid C-terminal anchor sequence and a long un- 
translated region (UTR) of 460 bp (Fig. 3). The 3' UTR shows 
the absence of a poly(A) + tract and a consensus termination 
motif following the coding region, making it a unique feature 
among the known rabies glycoprotein gene sequences (Aniloi- 
nis etaU 1981; Yelverton etal. y 1983; Tordo et aL, 1986; Mo- 



TK-r 



lacZ 




^Transfect preinfected CEFs 

Selection of blue recombinant 
plaques in presence of Bluo-gal 



vA02 



rimoto et a/., 1989; Conzelmann et a/., 1990). The 3' noncod- 
ing region of the RGL gene also has two unique restriction en- 
zyme sites, namely BarriHl and BglU. 

Design and construction of chimeric f$hCG 

The beta subunit of hCG contains 145 amino acids with 12- 
half-cystine residues, which form 6 disulfide bonds. The im- 
munodominant antigenic epitopes against which the antibody 
response is mainly directed lie within the first 1 1 1 amino acids 
(core region) (Talwar et al, 1997). The C-terminal portion 
(CTP) is poorly antigenic (Ramakrishnan et a/., 1979), and 
those antibodies that are generated do not neutralize the bioac- 
tivity of hCG (Dirnhofer et al, 1993). Crystal structure data 
(Lapthorn et aL, 1994) show that the CTP lacks a significant 
secondary structure and that it is not involved in the tertiary 
structure of the subunit. Therefore, a chimera composed of the 
RGL membrane anchor genetically fused to the C-terminal end 
of jShCG would not affect the folding or immunoactivity of the 
/JhCG core. 

The overall strategy for the construction of the chimeric gene 
is shown in Figure 4. The gene for 0hCG was cut at a unique 
Sma\ site (in the 135th codon of the CTP), and the truncated 
0hCG gene fragment was cloned at the Accl site of the RGL an- 
chor sequence. This resulted in a plasmid, pA04, in which the 
transmembrane and cytoplasmic domains of RGL were fused in- 
frame to the 1 35th codon of 0hCG. The junction sequenc^of the 
two gene fragments is CTC CCC G AC CTG, where a new codon, 
CCC, replaces the CCG of )3hCG and the GTC of the RGL an- 
chor sequence. The recombinant plasmid was characterized by 
restriction enzyme digestions and Southern hybridization using 
32 P-labeled /3hCG as probe (Fig. 5). The fusion cassette with the 
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FIG. 6. Generation of recombinant virus vA02. The fusion 
cassette R-)5hCG was excised from pA04 by an EcoRVfSmal 
double digest and cloned in a transfer vector pBHCX 402 at its 
unique Smal site downstream of the vaccinia early promoter 
P7.5 to obtain the recombinant FPV transfer vector, pA09. The 
orientation of the fusion cassette with respect to the P7.5 pro- 
moter was ascertained by restriction analysis and Southern blot- 
ting followed by hybridization with [ 32 P]0hCG probe. Seg- 
ments of the fowlpox TK gene flanking the expression cassette 
provided for regions of homology, facilitating the insertion of 
the R-/3hCG gene cassette into viral genome. The E. coli fi- 
galactosidase gene (lacZ) placed under the control of the vac- 
cinia late promoter PI 1 provided for color selection of the re- 
combinant plaques. 




CEVA 



VA02 



FIG. 7. Comparative levels of expression of free and an- 
chored 0hCG. Chick embryo fibroblasts grown in T-25 flasks 
were infected with either vA02 or the wild-type (CEVA) virus. 
The cells were harvested, washed, and lysed 24 h postinfection. 
The amount of /3hCG was estimated in the culture supernatant 
fluid and lysed cell pellet by competitive RIA. 
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initiation codon of /JhCG and the termination codon of the RGL 
anchor sequence was placed under the control of a vaccinia virus 
7.5 early promoter and inserted in the thymidine kinase locus of 
the FPV genome by homologous recombination to generate the 
recombinant virus vA02 (Fig. 6). 

Expression and immunoactivity of membrane- 
anchored fihCG 

The beta subunit of hCG is heavily glycosylated, containing 
two N-linked and four O-linked carbohydrates. We therefore 
opted for expression in a mammalian system. Cells of monkey 
origin (CV1) were infected with the FPV recombinant vA02. 
The virus was expected to encode the entire phCG protein pre- 
cursor with an additional 75 amino acids of the RGL anchor 
sequence appended to its C-terminus. The amounts of fusion 
protein expressed were determined in terms of /JhCG equiva- 
lent by competitive RIA employing a /JhCG-specific mono- 
clonal antibody. As shown in Figure 7, the amount of fusion 
protein secreted into the medium was very low; most of the ex- 
pressed 0hCG was found anchored to the cellular membrane. 
The total amount of /3hCG expressed was 540 ng/ml. The ex- 
pression levels in various mammalian systems, as previously 
reported, have been of similar order, an SV40-based expression 
system yielded about 240 ng/ml (Reddy et a/., 1985), and a vac- 
cinia recombinant, with wide host range, expressed 1600 ng/ml 
(Srinivasan et ai, 1995). 

The recombinant FPV made from this construct was then 
tested for its ability to express anchored /JhCG on the cell sur- 
face. Indirect immunofluorescence demonstrated expression of 
the fusion protein on the membrane of the infected mammalian 
cells (Fig. 8). This result indicates that the glycoprotein )3hCG t 
which is normally secreted, undergoes normal processing and 
transport through the intracellular pathway and is targeted to 
the plasma membrane because of the RGL transmembrane se- 
quence. Cells infected with the wild-type virus, which served 
as negative controls, did not show any fluorescence. The im- 
munoreactivity of membrane-anchored /3hCG was compared 
with the native hormonal subunit in a competitive binding as- 
say. Scatchard analysis (Fig. 9) revealed that the binding affini- 
ties of the reference monoclonal antibody for native £hCG and 
FPV-expressed recombinant )3hCG were of the same order 
(K a = 4.4 X 10 10 M"' and 4.2 X 10 10 NT 1 respectively), in- 
dicating that the expressed 0hCG folds to recreate the im- 
munologic integrity of the native molecule. 



DISCUSSION 

Here, we describe identification of a gene sequence encod- 
ing transmembrane and cytoplasmic domains of the glycopro- 
tein of the LEP strain of rabies virus and construction and ex- 
pression of a novel fusion protein composed of the newly 
identified 75-amino acid membrane anchor domain linked to 
135 amino acids of a secretory protein, )3hCG. The chimeric 
protein is transported effectively to the plasma membrane of 
nonpermissive mammalian cells infected with recombinant 
FPV. 



The fusion gene cassette was designed by fusing the DNA 
encoding the RGL transmembrane and cytoplasmic domains to 
the 3'-end of DNA encoding /3hCG and was inserted into the 
FPV genome by homologous recombination. The three-dimen- 
sional structure of jShCG has revealed that a unique cystine knot 
motif (formed by three disulfide bonds) largely determines the 
peptide folds of 0hCG core, whereas the C-terminal 34 residues 
adopt a poorly ordered flexible structure (Lapthom et a/., 1994). 
The /3hCG-specific monoclonal antibody used in this study is 
capable of bioneutralizing hCG and recognizes a discontinuous 
determinant on the /JhCG core region that dominates the im- 
mune response in humans (Talwar et a/., 1997). Discontinuous 
antigenic epitopes are by their nature highly dependent on the 
correct folding and conformation of the molecule. In contrast, 
epitopes on /3hCG-CTP region are linear. The synthesis of re- 
combinant jShCG with antibody binding affinity similar to that 
of the native molecule indicates that the fused /JhCG folds prop- 
erly and forms the correct disulfide pairings to recreate the na- 
tive epitopes. The RGL C-terminal membrane anchor and cy- 
toplasmic domains thus did not interfere with folding of /3hCG. 
The CTP served as a natural linker for the chimeric protein. Its 
highly flexible conformation is in fact advantageous for cloning 
purposes. The C-terminal 24 amino acid residues (last 10 be- 
ing deleted by the cloning strategy employed) were more than 
adequate to link the anchor sequence without placing any con- 
straint on the folding of the 0hCG subunit. The be^a subunit of 
hCG has two N-linked and four O-linked glycosylation sites. 
The O-linked carbohydrates, located on the C-terminal exten- 
sion, are responsible for longer circulatory half-life of the hor- 
mone (Matzuk et al, 1990), whereas the N-linked carbohy- 
drates are required for proper folding of /3foCG (Matzuk and 
Boime, 1988). These structures may facilitate folding by pre- 
venting aggregation (Huth et al. y 1994). Expression of im- 
munoreactive /3hCG in CV1 cells in the present study is sug- 
gestive of correct glycosylation of the expressed molecule. 

Our results show that the vaccinia virus 7.5 early promoter 
elements function efficiently in FPV recombinants. This find- 
ing is consistent with the results of other studies showing that 
the use of promoters of fowlpox origin is not obligatory in re- 
combinant FPV constructs (Boyle and Coupar, 1988) or even 
in transient assays (Tripathy and Wittek, 1990) and that tem- 
poral regulation and correct RNA initiation of genes placed 
downstream of heterologous promoters are maintained 
(Prideaux et ai, 1990). Early poxvirus genes signal transcrip- 
tional termination 20 to 50 nt downstream of TTTTTNT se- 
quences in the noncoding strand (Yuen and Moss, 1987; Shu- 
man and Moss, 1988). The present study demonstrates that the 
cryptic termination motif of the RGL gene is recognized, al- 
though an earlier study had suggested that alteration of the cryp- 
tic termination sequence may be required for efficient expres- 
sion when an early vaccinia promoter was employed (Earl et 
al, 1990). 

The anchor sequence targeted 0hCG, a secretory protein, in 
immunoactive form on the membrane surface of nonpermissive 
cells transfected by a host-restricted recombinant FPV. Earlier 
studies have showed that secretory proteins can be anchored to 
the cellular membrane by the addition of transmembrane and 
cytoplasmic domains derived from vesicular stomatitis virus 
glycoprotein (Guan etai, 1988), influenza virus hemagglutinin 
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FIG. 8. Cell-surface localization of 0hCG. Expression of anchored jShCG on the membrane surface of mammalian (CV1) cells 
was demonstrated by indirect immunofluorescence with an anti-0hCG-specific monoclonal antibody as the primary antibody and 
goat anti-mouse antibody conjugated to FITC as the secondary antibody. The CV1 cells were infected with (A) vA02 and (B) 
wild-type FPV at an MOI of 10 pfu/cell for 24 h. Distinct surface staining can be seen on cells infected with recombinant virus 
as opposed to those infected with wild-type virus. 



(Andrew et a/., 1990), and immunoglobulin (Reddy et ah, 
1992). N-Linked glycosylation may be important for targeting 
an anchored molecule to the membrane surface (Guan et a/., 
1985); the anchored rat growth hormone, which is otherwise 
targeted to the Golgi complex, is expressed on the cell surface 




Bound (pM) 



FIG. 9. Scatchard analysis of displacement curves with na- 
tive (•) and recombinant (O) /JhCG. Slopes indicate the bind- 
ing affinity (association constants, K a ) of the native and re- 
combinant jShCG with the reference monoclonal antibody. 



when N-linked oligosaccharides are added to this normally 
nonglycosylated hormone. The presence of one of two N-linked 
carbohydrates has been shown to be required for surface local- 
ization of ahCG (Guan et al. y 1988). The present study indi- 
cates that the extent and nature of glycosylation in the fowlpox 
system is adequate to permit surface expression of recombinant 
0hCG. The presence of N-linked oligosaccharides may facili- 
tate folding by preventing aggregation, and proper folding may 
be required for protein transport to the cell surface. 

In a previous study, it was demonstrated that /3hCG ex- 
pressed on the membrane surface of cells infected with recom- 
binant vaccinia virus elicited a high anti-hCG antibody re- 
sponse, whereas the virus expressing a secretory form of 0hCG 
generated little or no response (Srinivasan et a/., 1995). This 
result implies that the anchor sequence acts as a carrier for 
0hCG, as linkage with a carrier overcomes immunologic tol- 
erance and induces an antibody response to 0hCG, not only in 
experimental animals but also in humans (Talwar et a/., 1994). 
In addition, surface expression may improve the presentation 
of chimeric /JhCG to the immune system. 

The FPV recombinant described here has the desired prop- 
erty of causing expression of immunoactive chimeric )3hCG on 
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the surface of nonpermissive mammalian cells. In view of their 
abortive infection, such vectors avoid the safety concerns as- 
sociated with vaccinia virus and are therefore of potential in- 
terest for the development of a safe contraceptive vaccine based 
on 0hCG. 

ACKNOWLEDGMENTS 

This work was supported by grants from the Department of 
Biotechnology, Government of India, and the International De- 
velopment Research Centre (IDRC) of Canada. AG was a re- 
cipient of research fellowships from the Council of Scientific 
and Industrial Research (CSIR), Government of India. 



REFERENCES 

ANDREW, M.E., BOYLE, D.B., WHITFELD, P.L., LOCKETT, L.J., 
ANTHONY, I.D., BELLAMY, A.R., and BOTH, G.W. (1990). The 
immunogenicity of VP7, a rotavirus antigen resident in the endo- 
plasmic reticulum, is enhanced by cell surface expression. J. Virol. 
64, 4776^783. 

ANILOINIS, A., WUNNER, W.H., and CURTIS, P.J. (1981). Struc- 
ture of the glycoprotein gene in rabies virus. Nature 294, 275-278. 

BOYLE, D.B., and COUPAR, B.E.H. (1988). Construction of recom- 
binant fowlpox viruses as vectors for poultry vaccines. Virus Res. 
10, 343-356. 

CHIRGWTN, J.M., PRZYBYLA, A.E., McDONALD, R.J., and RUT- 
TER, WJ. (1979). Isolation of biologically active ribonucleic acid 
from sources enriched in ribonuclease. Biochemistry 18, 5294-5299. 

CONZELMANN, K.K., COX, J.H., SCHNEIDER, L.G., and THEIL, 
H.G. (1990). Molecular cloning and complete nucleotide sequence 
of the attenuated rabies virus SAD B19. Virology 175, 485-499. 

DIRNHOFER, S., KUEBER, R., LEEUW, R.D., BIDART, J.M., 
MERZ, W.E., WICK, G., and BERGER, P. (1993). Functional and 
immunological relevance of the COOH-terminal extension of human 
chorionic gonadotropin £: implications for the WHO birth control 
vaccine. FASEB J. 7, 1381-1385. 

EARL, P.L., HUGIN, A.W., and MOSS, B. (1990). Removal of cryp- 
tic poxvirus transcription termination signals from the human im- 
munodeficiency virus type 1 envelope gene enhances expression and 
immunogenicity of a recombinant vaccinia virus. J. Virol. 64, 
2448-2451. 

GUAN, J.L., CAO, H., and ROSE, J.K. (1988). Cell-surface expres- 
sion of a membrane-anchored form of the human chorionic go- 
nadotropin a-subunit. J. Biol. Chem. 263, 5306-5313. 

GUAN, J., MACHAMER, C.E., and ROSE, J.K. (1985). Glycosylation 
allows cell-surface transport of an anchored secretory protein. Cell 
37, 779-787. 

HUTO, J R., NORTON, S.E., LOCKRIDGE, O., SHIKONE, T, 
HSUEH, A.J.W., and RUDDON, R.W. (1994). Bacterial expression 
and in vitro folding of the ^-subunit of human chorionic gonadotropin 
(hCG/J) and functional assembly of recombinant hCG0 with hCGa. 
Endocrinology 135, 911-918. 

JENKINS, S., GRITZ, L., FEDOR, C.H., O'NEIL, E.M., COHEN, 
L.K., and PANICALI, D.L. (1991). Formation of lentivirus particles 
by mammalian cells infected with recombinant fowlpox virus. AIDS 
Res. Hum. Retroviruses 7, 991-998. 

LAPTHORN, A.J., HARRIS, D.C., LITTLEJOHN, A., LUSTBADER, 
J.W., CANFIELD, R.E., MACHIN, K.J., MORGAN, F.J., and 
ISAACS, N.W. (1994). Crystal structure of human chorionic go- 
nadotropin. Nature 369, 455-461. 



MANIATIS, T., FRTTSCH, E.F., and SAMBROOK, J. (1982). Mole- 
cular Cloning: A Laboratory Manual. (Cold Spring Harbor Labora- 
tory, Cold Spring Harbor, NY. 

MATZUK, M.M., HSUEH, AJ.W., LAPOLT, R, TSAFRIRI, A., 
KEENE, J.L., and BOIME, I. (1990). The biological role of the car- 
boxyl terminal extension of human chorionic gonadotropin 0-sub- 
unit. Endocrinology 126, 376-383. 

MATZUK, M.M., and BOIME, I. (1988). Site-specific mutagenesis de- 
fines the intracellular role of the asparagine-linked oligosaccharides 
of chorionic gonadotropin /J-subunit. J. Biol. Chem. 263, 
17106-17111. 

MORTMOTO, M., OHKUBO, A., and KAWAI, A. (1989). Structure 
and transcription of the glycoprotein gene of attenuated HEP-Flury 
strain of rabies. Virology 173, 465-477. 

MUNSON, PJ., and RODBARD, D. (1980). Ligand: a versatile com- 
puterized approach for characterization of ligand binding systems. 
Anal. Biochem. 107, 220-239. 

PAL, R, SINGH, O., RAO, L.V., and TALWAR, G.P. (1990). Bioneu- 
tralization capacity of the antibodies generated in women by the beta 
subunit of human chorionic gonadotropin (/JhCG) and /JhCG asso- 
ciated with alpha subunit of ovine luteinizing hormone linked to car- 
riers. Am. J. Reprod. Immunol. 22, 124-126. 

PRIDEAUX, C.T., KUMAR, S., and BOYLE, D.B. (1990). Compara- 
tive analysis of vaccinia virus promoter activity in fowlpox and vac- 
cinia virus recombinants. Virus Res. 16, 43-58. 

RAMAKRISHNAN, S., DAS, C, DUBEY, S.K., SALAHUDDIN, M„ 
and TALWAR, G.P. (1979). Immunogenicity of three C-terminal 
synthetic peptides of the beta subunit of human chorionic go- 
nadotropin and properties of the antibodies raised against 45- amino 
acid C-terminal peptide. J. Reprod. Immunol. 1, 249-261. 

REDDY, D.A., BERGMANN, C.C., BERRIMAN, MX, BOTH, G.W., 
COUPAR, B.H., BOYLE, D.B., ANDREW, M.E., and BELLAMY, 
A.R. (1992). Rotavirus VP6 modified for expression of the plasma 
membrane forms arrays and exhibits enhanced immunogenicity. Vi- 
rology 189, 423-434. 

REDDY, V.B., BECK, A.K., GARRAMONE, A.J., VELLUCCI, V., 
LUSTBADER, J., and BERNSTINE, E.G. (1985). Expression of hu- 
man choriogonadotropin in monkey cells using a single simian virus 
40 vector. Proc. Natl. Acad. Sci. USA 82, 3644-3648. 

SAMBROOK, J., FRTTSCH, E.F., and MANIATIS, T. (1989). Mole- 
cular Cloning: A Laboratory Manual. Vol. 1 (Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY) pp. 7.43-7.52. 

SANGER, F. f N1CKLEN, S., and COULSON, A.R., (1977). DNA se- 
quencing by chain terminating inhibitors. Proc. Natl. Acad. Sci. USA 
74, 5463-5467. 

SHUMAN, S., and MOSS, B. (1988). Vaccinia virus poly(A) poly- 
merase: specificity for nucleotides and nucleotide analogs. J. Biol. 
Chem. 263, 8405-8412. 

SINGH, O., and CAPOOR, A.K. (1993). Radioimmunoassay of go- 
nadotropins. In: Handbook of Practical and Clinical Immunology. 
Vol. 2. G.P. Talwar, ed. (CBS Publishers, New Delhi) pp. 40-54. 

SINGH, O., RAO, L.V., GAUR, A., SHARMA, N.C, ALAM, A., and 
TALWAR, G.P. (1989). Antibody response and characteristics of an- 
tibodies in women immunized with three contraceptive vaccines in- 
ducing antibodies against human chorionic gonadotropin. Fertil. 
Steril. 52, 739-744. 

SOLOMON, J.J. (1975). Preparation of avian cell cultures. Tiss. Cult. 
Assoc. 1, 7-11. 

SRINTVASAN, J., SINGH, O., CHAKRABARTI, S., and TALWAR, 
G.P. (1995). Targeting vaccinia virus-expressed secretory f$ subunit 
of human chorionic gonadotropin to the cell surface induces anti- 
bodies. Infect. Immun. 63, 4907-491 1. 

TALWAR, G.P., SINGH, O., GUPTA, S.K., HASNAIN, S.E., PAL, 
R., MAJUMDAR, S., VRATI, S., MUKHOPADHYAYA, A., 
SRINTVASAN, J., DESHMUKH, U., GANGA, S., MANDOKHOT, 



RABIES ANCHOR SEQUENCE TARGETS 0hCG ON CELL SURFACE 



581 



A., and GUPTA, A. (1997). The HSD-hCG vaccine prevents preg- 
nancy in women: feasibility study of a reversible, safe, contraceptive 
vaccine. Am. J. Reprod. Immunol. 37, 153-160. 
TALWAR, G.P., SINGH, O., PAL, R., CHATTERJEE, N., SAHAI, 
P., DHALL, K., KAUR, J., DAS, S.K., SURI, S., BUCKSHEE, 
K., SARAYA, L., and SAXENA, B.N. (1994). A vaccine that pre- 
vents pregnancy in women. Proc. Natl. Acad. Sci. USA 91, 
8532-8536. 

TAYLOR, J., WEINBERG, R„ LANGUET, B., DESMETTRE, P., and 
PAOLETTI, E. (1988). Recombinant fowlpox virus inducing pro- 
tective immunity in non-avian species. Vaccine 6, 497-503. 

TORDO, N., POCH, O., ERMINE, A., KEITH, G., and ROUGEON, F. 
(1986). Walking along the rabies genome: is the large G-L intergenic 
region a remnant gene? Proc. Natl. Acad. Sci. USA 83, 3914-3918. 

TRIPATHY, D.N., and WITTEK, R. (1990). Regulation of foreign gene 
in fowlpox virus by a vaccinia virus promoter. Avian Dis. 34, 
21S-220. 



YELVERTON, E., NORTON, S., OBUESKI, J.F., and GOEDDEL, 
D.V. (1983). Rabies virus glycoprotein analogs: biosynthesis in Es- 
cherichia coli. Science 219, 614-620. 

YUEN, L., and MOSS, B. (1987). Oligonucleotide sequence signaling 
transcriptional termination of vaccinia virus early genes. Proc. Natl. 
Acad. Sci. USA 84, 6417-6421. 

Address reprint requests to: 
Dr. Om Singh 
Immunoendocrinology Unit 
National Institute of Immunology 
New Delhi 110067, India 

Received for publication January 6, 1998; accepted March 4, 
1998. 



VIROLOGY 185. 68 1-688 '{1991) 



Membrane Fusion Activity, Oligomerization, and Assembly of the Rabies Virus Glycoprotein 
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The spike glycoprotein (G protein) of rabies virus (CVS strain) expressed in HeLa cells from cloned cDNA mediated 
membrane fusion after exposure to pHs of 6.1 or below. Chemical crosslinking showed that the rabies G protein, like 
the vesicular stomatitis virus (VSV) G protein, could be crosslinked to dimers and trimers, indicating that rabies G 
protein is a trtmer. However, unlike the VSV G protein, rabies G protein trimers were not stable to sedimentation in 
sucrose gradients, even at a mildly acidic pH which stabilizes the VSV G protein trimers. In addition, we report that the 
expressed rabies virus G protein was functional because it could assemble into VSV particles (ts045) lacking VSV G 
protein and rescue infectivity. These VSV (rabies) pseudotypes were neutralized only by an antibody to the rabies G 
protein. We also examined the properties of a hybrid protein containing the extracellular domain of the rabies virus 
glycoprotein arid the transmembrane and cytoplasmic domains of the VSV G protein. This protein was transported to 
the cell surface and could be crosslinked to form dimers and trimers, but had little or no detectable membrane fusion 
activity. The lack of fusion activity was paradoxical because the hybrid protein could rescue VSV infectivity, although 
the titers were lower than those obtained with the wild-type rabies G protein. © 1991 Academic Press, inc. 



INTRODUCTION 

Rabies virus is a member of the family Rhabdoviridae 
and it shares many of the structural features character- 
istic of other members of this virus family including ve- 
sicular stomatitis virus (VSV), the prototype rhabdo- 
virus. Both rabies virus and VSV have bullet-shaped 
virions composed of a tightly coiled ribonucleocapsid 
surrounded by a lipid envelope containing approxi- 
mately 1 200 molecules of a spike glycoprotein (G pro- 
tein). The G protein of rabies virus, like that of VSV, is 
responsible for binding of virions to the cell surface 
and, after endocytosis, delivery of nucleocapsids into 
the host cell cytoplasm via fusion of the viral envelope 
with the endosomal membrane {Superti etal., 1 984). In 
addition, the G proteins are the target of neutralizing 
antibodies for both VSV and rabies virus (Kelly ef ai., 
1972; Wiktor etaL, 1973). 

The glycoprotein of rabies virus (CVS strain) consists 
of a 438 amino acid ectodomain that has three poten- 
tial sites for N-linked glycosylate, a 22 amino acid 
transmembrane domain, and a 44 amino acid cyto- 
plasmic domain (Fig. 1). Sequence comparisons of the 
VSV and rabies G proteins indicate that the two glyco- 
proteins are distantly related, sharing approximately 
20% amino acid identity (Rose ef ai, 1982). This de- 
gree of relatedness, as well as conservation of cys- 
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teine residues in 8 of 17 positions, suggests^that the 
VSV and rabies G protein ectodomains have similar 
three-dimensional structures. 

Previous studies have shown that the G protein of 
VSV isahomotrimer(Domsefa/., 1987, 1988). In con- 
trast to VSV G protein, relatively little is known about 
the oligomeric structure of rabies G protein, although 
there is one report of a large rabies G protein complex 
obtained from virions (Dietzschold ef ai, 1978). Here 
we examined the oligomeric structure of rabies G pro- 
tein and show that, like VSV G, it is probably a trimer. 
We also examined the ability of rabies G protein to me- 
diate membrane fusion and found that rabies G protein 
expressed in HeLa cells induced syncytia formation 
after activation by treatment with acidic pH. 

The similarities betwieen VSV and rabies G proteins 
led us to determine whether rabies G protein could 
assemble and function in VSV particles. We have re- 
cently described a rescue assay for studying the as- 
sembly of wild-type or mutated VSV G proteins ex- 
pressed from cDNA into particles that lack endoge- 
nous G protein (Whitt ef ai, 1 989). From these studies 
we concluded that at least a portion pf the cytoplasmic 
domain was required for the efficient assembly of G 
protein into virus particles. Although the cytoplasmic 
domains of rabies G protein (44 amino acids) and VSV 
G (29 amino acids) are similar in size and overall 
charge, they do not share obvious sequence homol- 
ogy. Using the rescue assay, we found that rabies G 
protein could be incorporated into VSV particles to gen- 
erate VSV (rabies) pseudotypes, but the titers obtained 
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Fig. 1 . Schematic representation of VSV G protein, rabies G pro- 
tein, and a hybrid glycoprotein consisting of the rabies G ectodomain 
fused precisely with the VSV G transmembrane and cytoplasmic 
domains. VSV sequences are represented by the heavy line and the 
transmembrane (TM) domain is shown as {@9. Rabies G protein se- 
quences are represented by the thin line and the transmembrane 
domain is shown as P). Potential sites for N-linked glycosylation are 
shown (y). 



were approximately 100-fold lower than those ob- 
tained with wild-type VSV G protein. A slower rate of 
transport of rabies G protein to the cell surface may be 
at least partially responsible for the reduced infectivity. 

MATERIALS AND METHODS 

Plasmid constructions 

The cDNA for the rabies virus glycoprotein (CVS 
strain) was excised with Bam\-\\ from pCP2 (Prehaud ef 
al, 1989) and ligated into the unique BamH\ site of 
pET-3 (Rosenberg et ai, 1987), and after transforma- 
tion into Escherichia coli strain C600 the resultant 
clones were screened for orientation by restriction en- 
donuclease analysis. A plasmid with the correct orien- 
tation for expression from the T7 promoter was desig- 
nated pAR-G R . To construct a cDNA for the rabies- 
VSV hybrid G protein diagrammed in Fig. 1, we 
performed a four-part ligation of a 1365-bp BamH\- 
HincW fragment containing most of the coding region of 
the rabies G ectodomain, a synthetic oligonucleotide 
linker (coding strand; 5'GACCTGGGTCTCCCGAACTG- 
GGGAAAGAGC 3': noncoding strand; 5'CCGAGCTCT- 
TTCCCCAGTTCGGGAGACCCAGGTC 3': Hinoll^ -» 
Ava\) coding for the remaining portion of the rabies G 
protein ectodomain, a 30Q-bp 'Ava\ BamH\ fragment 
from pTZU18-GA coding for the transmembrane and 
cytoplasmic domains of VSV G protein (Shaw et al, 
1989), and the pET-3 vector. The plasmid pAR-G con- 
taining the cDNA for VSV G protein in pET-3 has been 
described previously (Whitt ef al., 1 989). 

Cell culture, viruses, transfections, and rescue assay 

Baby hamster kidney (BHK-21), mouse fibroblast (L), 
and HeLa cells were grown in Dulbecco's modified Ea- 
gle's medium (DMEM) containing 5% fetal calf serum 



(FCS). Stocks of ts045 and the recombinant vaccinia 
virus vTF7-3 were prepared as described previously 
(Whitt et al., 1989). Ceil transfections were mediated 
using a suspension of liposomes composed of i_-a- 
dioleoylphosphatidylethanolamine and the cationic 
lipid dimethyldioctadecyl ammonium bromide (Rose ef 
a/., 1991; Whitt et al., 1991). Rescue of ts045 was 
performed as described previously (Whitt et al., 1 989). 

Metabolic labeling, sucrose gradient centrifugation, 
and chemical crosslinking 

BHK-21 cells (5 x 10 5 cells in 35-mm dishes) were 
infected with vTF7-3 at an m.o.i. of 1 0 and transfected 
with 5 hq of the appropriate plasmid. Cells transiently 
expressing rabies or VSV G proteins were radioactively 
labeled with [ 35 S]methionine for 30 min in serum-free, 
methionine-free DMEM at 4 hr post-transfection using 
Tran[ 35 S]label (ICN Biochemicals, Inc.) and chased for 
2 hr with DMEM containing 5% FCS and 2 mM excess 
unlabeled methionine. Analysis of G protein oligomers 
was performed as described previously (Crise et al., 
1 989; Doms ef al., 1 987) with the following modifica- 
tions. Cell extracts were prepared by detergent lysis for 
2 min at room temperature using 1% Triton X- 100 
(Sigma Chemical Co.) in 2X MNT buffer, pH 5.8 (40 mM 
2-[/V-morpholino]ethanesulfonic acid, 60 m/WTris, 200 
rnM NaCI, 2.5 mM EDTA, 2 mM EGTA). Nuclei and cell 
debris were removed by centrifugation at 14,000 rpm 
for 2 min in a microcentrifuge (Eppendorf) and the de- 
tergent extracts were loaded onto linear sucrose gra- 
dients prepared from stocks of 5 and 20% (w/w) su- 
crose in 1X MNT (pH 5.8) containing 0.1% Triton 
X-100. The gradients were centrifuged at 45,000 rpm 
for 1 6 hr using a SW 50. 1 rotor at 4° (Beckman Instru- 
ments, Inc.). Fractions were collected from the bottom, 
made to 1% NP-40, 0.3%deoxycholate, 0.1%SDS, 25 
mM EDTA, 10 mMTris (pH 7.4), immunoprecipitated 
with either VSV-specific polyclonal antiserum or a 
monoclonal antibody (27 EB1 from the Collection of 
Laboratoire de G6n6tique des Virus, CNRS, France) 
specific for rabies G protein (Prehaud ef al., 1 988), and 
analyzed by SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) (Laemmli, 1 970). 

For crosslinking analysis, cells were radioactively la- 
beled as described above, removed from the culture 
dish with PBS containing 50 roM EDTA, and resus- 
pended in 450 »\ PBS (pH 8.5). The cell suspension 
was divided into 100-/J aliquots and 1 ^l of a stock 
solution of the cleavable crosslinker dithiobis-succini- 
midyl propionate (DSP) dissolved in dimethyl sulfoxide . 
(DMSO) was added. The concentrations of the stock 
solution of DSP were varied to give the final concentra- 
tions indicated in the figure legend. The aliquots were 
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made to 0.2% Nonidet P-40 (NP-40) and then incu- 
bated for 30 min at 4°. The reaction was quenched 
with 50 mM glycine by incubating for 5 min on ice. The 
cells were then lysed with detergent solution (1% NP- 
40, 0.3% deoxychoiate, 25 m/W EDTA, 1 0 m/WTris, pH 
7.4) containing 1 00 kallakrien units of aprotinin (Sigma 
Chemical Co.) for 2 min at room temperature. The nu- 
clei were removed by centrifugation at 14,000 g for 2 
min in a microcentrifuge (Eppendorf), the supernatant 
was made to 0.1% SDS, and the G proteins were im- 
munoprecipitated and analyzed by SDS-PAGE. 

RESULTS 
Fusion activity of rabies G protein 

To determine whether rabies G protein expressed 
alone had membrane fusion activity, we treated HeLa 
cells that were transiently expressing wild-type rabies 
G protein with media buffered at different pHs in the 
range 6.5 to 5.2 for 1 min and then examined the cul- 
tures for syncytia after 1 hr. Figure 2A shows examples 
of syncytia formation after exposure to pHs 6.1 and 
5.7. No fusion occurred when cells expressing rabies 
G protein were incubated at pH values above 6.1. In 
parallel cultures, VSV G protein had fusion activity at 



pH 6.3 or below (data not shown), indicating a slightly 
higher pH threshold for its fusion activity. 

For the purpose of studying the incorporation of ra- 
bies G protein into VSV virions, we constructed a hy- 
brid gene encoding the extracellular domain of rabies 
G linked to the transmembrane and cytoplasmic do- 
mains of VSV G protein (Fig. 1). This hybrid protein 
appeared not to have fusion activity even at pHs as low 
as 5.2. Lower pHs were not examined because we 
found that cells infected with vTF7-3 alone formed a 
small number of syncytia at 7.5 hr postinfection (p.i.) 
after treatment with fusion medium at pH 5.0 and be- 
low. It had been reported previously that vaccinia i virus 
expresses a fusion protein beginning 6 to 7 hr p.i. (Ro- 
driguez era/., 1 987) and by 1 2 hr p.i. extensive polykar- 
yon formation occurs after activation at pH 5.5 (Doms 
ef a/., 1 990). The amount of rabies G protein on the cell 
surface was comparable for both the' wild-type and the 
hybrid proteins, indicating that lack of fusion activity 
was not due to a lower level of surface expression of 
the hybrid protein (Fig. 2B). 
Oligomeric structure of rabies G protein 

Previous studies using sucrose gradient sedimenta- 
tion and chemical crosslinking have shown that the 
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Fig. 2. Mobility-shift assay using end-labeled ACM 2 ds oligonu- 
cleotide probe (1 ng) and 5 m9 crude CEF nuclear extract protein 
(Lane 2). Complexes were allowed to form at 37° for 30 min and 
resolved by electrophoresis through 4% nondenaturing polyacryl- 
amide gels as described under Materials and Methods. Control reac- 
tion (Lane 1) contained labeled probe DNA and buffer D (Dignam et 
a/., 1983), but no nuclear extract protein. The position of unbound 
probe is indicated by a bracket while that of the protein-DNA com- 
plex (ACF) is indicated by an arrow, left of lane 1 . 

gp57-65 promoter may contain c/s-acting elements 
important for efficient transcription of gp57-65 pro- 
moter-gene templates. To identify potential sites of 
protein-DNA interactions within this region, mobility- 
shift and DNase I footprinting assays were performed. 
Using a radiolabeled 78-bp BamH\ to Hha\ fragment 
(nucleotides -241 to -165) and crude DEF or CEF 
nuclear extracts, multiple sites of sequence-specific 
protein-DNA interactions were observed (data not 
shown). 

To more precisely map the locations of specific pro- 
tein-DNA interactions within this region, restriction en- 
donuclease subfragments and synthetic ds oligonucle- 
otides representing sequences contained within the 
78-bp BamH\ to Hha\ region were used as probes in 
mobility-shift and DNase I footprinting assays. One re- 
gion of approximately 17 bp (nucleotides -193 to 
-177) consistently formed a distinct protein-DNA 
complex when ds oligonucleotides representing this 
region were used as probes in mobility-shift assays 
(Fig. 2). These sequences (5'-CTAGTTTACTTGTTTGT- 
3') correspond to a region identified by in vitro tran- 
scription assays as important for gp57-65 gene tran- 
scription. Interactions between nuclear extract pro- 
teins and the 1 7-bp ds oligonucleotide were selected 
for further study. 
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Sequence specificity of DEF nuclear extract factors 
binding to ACF recognition sequences 

To test the specificity of nuclear extract proteins (ten- 
tatively termed ACF) binding to the 1 7-bp ds oligonucle- 
otide probe (ACF-12), two nonspecific competitor ds 
oligonucleotides were constructed. One 20-bp oligonu- 
cleotide, C101 1 , contained a base composition similar 
to that of the ACF binding site in randomized sequence 
order (5'-TCTTTGATTGTTTATGTCAA-3'). Another ds 
oligonucleotide (C1 oligomer, Fujita etai, 1987) corre- 
sponds to a repeat of the interferon response element 
binding site (IRE, Fujita et al, 1 987) and was unrelated 
to ACF-12 sequence or base composition. Competi- 
tion mobility-shift experiments were conducted by 
mixing 1 ng (approximately 10,000 CPM) of radiola- 
beled ACF-1 2 oligonucleotide with various amounts of 
unlabeled competitor DNA. Binding reactions were initi- 
ated by addition of competitor-probe mixtures to nu- 
clear extracts from uninfected DEF cells and incuba- 
tion at 37°. All reactions contained a 1000-fold molar 
excess (relative to labeled probe DNA) of poly(dl-dC). 
Protein-DNA complexes were resolved by nondena- 
turing PAGE and detected by autoradiography of dried 
gels as described under Materials and Methods. As 
expected, unlabeled ACF-12 DNA (specific competi- 
tor) competed effectively for binding of DEF nuclear 
extract proteins to labeled ACF-1 2 probe (Fig. 3, lanes 
3 to 5). Unlabeled C 1 0 1 1 DNA (nonspecific competitor) 
competed much less effectively for binding of DEF nu- 
clear extract proteins to labeled ACF-12 probe DNA 
(Fig. 3, lanes 7 to 9). The C1 oligomer was significantly 
less effective in competing for binding of DEF nuclear 
extract proteins to labeled ACF-12 probe DNA than 
either unlabeled ACF-12 or C1011 DNA (Data not 
shown). 

Functional analysis of ACF recognition sequences 

Results of competition mobility-shift assays indi- 
cated that ACF bound to the 1 7-bp ACF- 1 2 ds oligonu- 
cleotide in a sequence-specific manner. These data, 
combined with the results of in vitro transcription as- 
says using gp57-65 promoter-deletion mutant tem- 
plates, suggested that ACF may function to positively 
regulate gp57-65 gene transcription by direct interac- 
tion with the gp57-65 gene promoter. The potential 
functional significance of ACF interactions with gp57- 
65 promoters was investigated by two independent 
methods: (1) CAT enzyme activity associated with 
gp57-65 promoter-deletion constructs, and (2) Direct 
competition for ACF binding in MDV infected cells. 

Hin6\\\ to H/nfl fragments (containing gp57-65 up- 
stream sequences) from promoter-deletion mutants 
were inserted upstream of a CAT structural gene in 
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Fig. 3. Competition mobility-shift assay using end-labeled ACF- 1 2 
ds oligonucleotide probe (1 ng/lane). Probe DNA was incubated with 
(lanes 2 to 9) or without (lane 1) 5 ^9 of DEF nuclear extract protein. 
Complexes were allowed to form at 37° for 1 5 min in the presence 
(Lanes 3, 4, 5, 7, 8, and 9) or absence (Lanes 1 , 2, and 6) of unla- 
beledspecific (ACF- 1 2) (lanes 3 to 5) or nonspecific (C 1 0 1 1 ) (lanes 7 
to 9) competitor ds oligonucleotides. Unbound probe DNA was run 
off the gel in this experiment. 



observed in cells transfected with p79C-cat and almost 
twofold over that in cells containing p20G-cat (Fig. 4). 

To more accurately determine the direct effect of 
ACF on transcriptional activity of intact gp57-65 pro- 
moters, oligonucleotide transfection inhibition assays 
were initiated. Transfection of MDV strain GA infected 
cells with increasing amounts of ds ACF- 1 2 oligonucle- 
otide reduced levels of gp57-65-specific RNA by over 
twofold relative to those of mock-transfected cells (Fig. 
5). In contrast, transfection of similar cells with as 
much as 20 Mg of ds C101 1 oligonucleotide (nonspe- 
cific competitor) did not adversely affect expression of 
gp57-65 RNA (Fig. 5). Expression of /J-actin RNA was 
unaffected by either treatment. Results similar to those 
depicted in Fig. 5 were observed in four independent 
experiments. 

DISCUSSION 

As molecular biological characterization of Marek's 
disease virus progresses, factors affecting expression 
of MDV genes will need to be investigated. Regulation 
of MDV gp57-65 is of particular interest since attenua- 
tion of oncogenic MDV often correlates with loss of 
gp57-65 expression (Churchill et al., 1969; Ross, 
1982; Schat et al., 1985). However, nononcogenic 
strains of MDV (i.e. , serotype II) express proteins immu- 
nologically related to gp57-65 (Schat and Calnek, 
1 978) and oncogenic viruses have been isolated which 



plasmid pCATbasic, a promoterless CAT expression 
plasmid. In each of these plasmids, the CAT gene start 
site lies 178 bp downstream of the gp57-65 mRNA 
initiation site. Transient expression of CAT enzyme ac- 
tivity in CEF cells transfected with gp57-65 promoter 
mutant-CAT constructs was taken as a measure of 
transcriptional efficiency (Gorman et al., 1 982). 

CEF cells transfected with plasmid p20G-cat effi- 
ciently expressed CAT enzyme activity, measured 48 
hr post-transfection (Fig. 4). CAT activity in cells con- 
taining mutant p49C-cat plasmids was twofold lower 
than that in cells containing p20G-cat plasmids (Fig. 4). 
Deletion of additional sequences, including the ACF 
binding site, to nucleotide - 1 65 (mutant p79C-cat) fur- 
ther reduced intracellular expression of CAT activity by 
over twofold relative to that observed in cells contain- 
ing p49C-cat (Fig. 4). These results were consistent 
with results of in vitro transcription analyses using simi- 
lar promoter-deletion templates (Fig. 1A). In contrast 
to in vitro transcription assay results, however, dele- 
tion of additional nucleotides to within 60 bp (plasmid 
p17lT-cat) of the gp57-65 mRNA cap site increased 
expression of CAT enzyme levels sixfold relative to that 
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Fig. 4. Assay of CAT enzyme activity in CEF cells transfected with 
10 m9 of gp57-65 promoter-deletion CAT gene constructs. Plas- 
mids and CAT assay details are described under Materials and 
Methods. Activity is presented as CPM of [ 14 C]acetyl chlorampheni- 
col produced, corrected for background levels associated with 
mock-transfected controls. Each data point represents the mean of 
at least four replicate samples. CAT activity in extracts of cells con- 
taining a "full-length" gp57-65 gene promoter-CAT clone was 
greater than that measured for cells containing mutant 20G. Errors 
associated with full-length promoter assays were, however, consid- 
erably larger than those associated with any mutant promoter as- 
says (data not shown). 
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TABLE 2 

Rescue with G Proteins and Neutrauzation 
with Rabies-Specific Antibody 



Expressed 


Titer* (PFU/mt) 




Neutralization 6 












protein 


L-cells 


BHK- 


21 . 


anti-VSV 


anti- Rabies 


VSVG 


1.3 X 10 6 


4.3 X 


10 6 


2X 10 1 


3.4 X 10 5 


Rabies G 


4.6 X 10 2 


8.1 X 


10 3 


8:7 X 10 3 


1.7 X 10 2 


Rabies-VSV 


2X 10 2 


2.4 X 


10 3 


17 X 10 3 


1.9 X 10* 


None (vTF7-3) 


2 X 10 1 


8X 


10 1 


<10' 


1.6 X 10 2 



* Titers are the average of at least three separate experiments. 

b Supernatants containing virus were incubated for 1 hr at 25° 
with polyclonal anti-VSV antiserum (1:1000) or ascites fluid (1:100) 
containing a monoclonal (27 EB1) recognizing antigenic site III on 
rabies G protein (CVS strain). Titers (PFU/ml) were determined after 
plaguing on BHK-21 cells. 



particles rescued with wild-type rabies G protein were 
titered on mouse L-cells, a 25-fold increase in infectiv- 
ity was observed over the vTF7-3-infected, nontrans- 
fected control; however, a 100-fold increase was ob- 
served when the same particles were titered on BHK 
cells. These results indicated that the infectivity of 
these particles was somewhat cell dependent. For 
comparison, particles rescued with VSV G protein gave 
similar titers when assayed on the two cell lines. Neu- 
tralization using either VSV-specific or rabies-specific 
antibodies confirmed that the infectivity was due to the 
expressed protein. Surprisingly, complementation with 
the rabies-VSV hybrid G protein that apparently lacks 
fusion activity resulted in the production of a low level 
of infectious virus. The particles produced were neu- 
tralized by antibody specific for rabies, indicating that 
they were VSV (rabies) pseudotypes. 

Transport kinetics of rabies and hybrid rabies-VSV 
G proteins 

The amount of infectious virus that is produced from 
an infected cell can be influenced by the amount of 
envelope protein delivered to the cell surface for incor- 
poration into virions. Because the rate at which G pro- 
tein is transported from the endoplasmic reticulum to 
the Golgi complex influences the rate of accumulation 
on the plasma membrane, we examined the acquisi- 
tion of endoglycosidase H (endo H)-resistant sugars for 
wild-type rabies and the rabies-VSV hybrid G proteins. 
Endo H resistance indicates the arrival of glycoproteins 
in the medial cisternae of the Golgi (Dunphy and Roth- 
man, 1 985). Cells expressing either wild-type or hybrid 
rabies G proteins were pulse-labeled for 10 min and 
then chased for various times. The proteins were im- 
munoprecipitated and then incubated in the presence 



(+) or absence (-) of endo H followed by SDS-PAGE. 
Figure 5 shows that both wild-type and hybrid rabies G 
proteins had half-times of approximately 50 min for ac- 
quisition of endo H-resistant sugars. For comparison, 
VSV G acquires endo H-resistant sugars with a half- 
time of 15 to 20 min (Rose and Bergmann, 1983). 
These results indicated that rabies G protein would ac- 
cumulate on the cell surface less rapidly than VSV G 
protein and the resulting lower levels of surface ex- 
pression might partially explain the 50-fold difference in 
the amount of infectious virus recovered after rescue 
with rabies G compared to VSV G protein. Similar re- 
ductions in titer were found previously for mutated VSV 
G proteins that are transported more slowly, and accu- 
mulate to lower levels on the cell surface, than wild- 
type G protein (Whitt ef a/., 1 989). 

DISCUSSION 

In this study we transiently expressed the G protein 
from the CVS strain of rabies virus in HeLa cells and 
found that it had membrane fusion activity causing 
syncytia formation after exposure of cells to pHs of 6. 1 
or below. During rabies virus infection, the rabies G- 
protein presumably mediates fusion of the viral enve- 
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rabies G * 
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Fig. 5. Kinetics of wild-type and hybrid rabies G protein transport. 
Cells expressing either wild-type (A) or hybrid (B) rabies G proteins 
were pulse-labeled for 1 0 min and then chased for the times indi- 
cated. The proteins were immunoprecipitated as described in Fig. 4 
and then incubated in the presence (+) or absence (-) of Endo H 
followed by SDS-PAGE. The positions of the VSV G and nucleocap- 
sid (N) proteins are shown. (C) Graphic representation of the percent- 
age of endo H-resistant oligosaccharides determined by scanning 
densitometry of the fluorgrams. 
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lope with the endosomal membrane after endocytosis 
and acidification of the endosome (Superti ef a/., 1 984). 
Earlier studies have shown that rabies virus particles 
have membrane fusion activity and will cause fusion of 
human erythrocytes at pHs below 6.2 (Mifune ef a/., 
1982). Our studies provide definitive evidence that ra- 
bies G protein is the only viral protein required for fu- 
sion activity. We also found that a hybrid protein having 
the extracellular domain of rabies G protein linked to 
the transmembrane and cytoplasmic domains of the 
VSV G protein did not have detectable fusion activity 
when assayed by syncytia formation, even at pHs as 
low as 5.2. The hybrid protein was expressed on the 
cell surface as well as wild-type rabies G protein and it 
appeared to oligomerize correctly. It seems likely that 
the hybrid protein has some minor alteration in folding 
that interferes with fusion activity or with its ability to 
undergo a conformational change required for fusion. 

The original evidence for an oligomeric structure of 
VSV G protein was from sedimentation of detergent- 
solubilized protein on sucrose gradients. Definitive evi- 
dence that the oligomer was a trimer was from chemi- 
cal crosslinking showing dimers and trimers (Doms ef 
ai, 1987, 1988; Kreisand Lodish, 1986). Using chemi- 
cal crosslinking, we found that the rabies G protein, like 
the VSV G protein, could be crosslinked to dimers and 
trimers, indicating that it is also a homotrimer. 

The studies employing sedimentation in sucrose 
gradients to examine VSV G protein oligomerization re- 
vealed that VSV G trimers are unstable at neutral pH 
and sediment as monomers (sedimentation coefficient 
= 4 S). However, the trimeric structure is stabilized to 
sedimentation on sucrose gradients at pHs below 6.0 
(Doms ef a/., 1 987). Using conditions under which VSV 
G protein is stabilized and sediments as a trimer (8 S), 
we show that rabies G protein had a sedimentation 
coefficient of 4 S, suggesting that it is monomeric. Our 
inability to detect the rabies G protein trimer on su- 
crose gradients probably reflects weaker interactions 
between the ectodomain subunits. Recent studies 
have shown that VSV G protein trimers are inherently 
unstable and in a dynamic equilibrium with monomers 
both in vitro (Lyles ef al. t 1 990) and in vivo (Zagouras ef 
ai., 1 991). We suggest that a similar situation holds for 
rabies G, but that the subunit-subunit interactions are 
not significantly stabilized at low pH. 

Studies on the structure of rabies G protein have 
shown that there are two forms in virions that result 
from glycosylation at either one or two of the three 
potential sites (Wunner ef ai, 1985). The addition of 
N-linked sugars appears to be important for many gly- 
coproteins in attaining the correct final conformation, 
possibly by providing constraints on folding interme- 
diates during the initial phases of folding after translo- 



cation into the endoplasmic reticulum. One model for 
the structure of rabies G protein proposes that oli- 
gomers contain both glycosylated forms of rabies G 
protein (Dietzschold ef ai, 1 978). Assembly of rabies G 
protein monomers that are differentially glycosylated 
may result in oligomers that are more easily disso- 
ciated after detergent extraction and sedimentation in 
sucrose gradients. Because the G proteins of some 
rabies virus strains do not have this differential glycosyl- 
ation, it should be possible to test this model. 

Our previous studies showed that there is sufficient 
structural information for VSV G protein oligomeriza- 
tion in the ectodomain alone because both soluble and 
lipid-anchored forms of VSV G protein form trimers 
(Crise ef a/., 1 989). It is therefore not surprising that the 
hybrid protein with the extracellular domain of rabies G 
linked to the transmembrane and cytoplasmic domains 
of VSV G formed trimers as assayed by chemical 
crosslinking, although these trimers were also unsta- 
ble to sedimentation on sucrose gradients. 

Using an assay that depends on the rescue of a tem- 
perature-sensitive mutant of VSV (ts045), we were 
able to show that the G protein of rabies virus can as- 
sembly into VSV virions to produce infectious particles. 
The infectivity was due to the rabies G protein because 
it was specifically neutralized by an anti-rabies mono- 
clonal antibody; however, the titers obtained after res- 
cue of ts045 with rabies G protein were 50- to 1 00-fold 
lower than those obtained after rescue with wild-type 
VSV G protein. The reduced titers might reflect lower 
levels of expression on the cell surface, less efficient 
incorporation of rabies- G protein into VSV particles, or 
a reduced ability to mediate infection. Because we 
have not been able to measure the absolute level of 
rabies G incorporation into VSV particles, we cannot 
comment specifically on the efficiency of incorporation 
of the foreign protein. In addition, because the rescue 
assay only measures the ability of expressed glycopro- 
teins to assemble and function in virions, we are not 
able to determine if rabies G can completely replace 
VSV G protein in the formation of virions. This will re- 
quire the development of a system in which the ge- 
nome of VSV can be manipulated to allow the ex- 
change of VSV genes for those of other viral proteins. 
Surprisingly, the rabies VSV G hybrid protein, which 
appeared to lack fusion activity, was able to rescue the 
ts045 mutant, although it gave titers 2- to 5-fold below 
those of the wild-type rabies protein. If this hybrid pro- 
tein truly lacks fusion activity, it is difficult to explain 
how infectious virus is produced. It seems most likely 
that it has a latent fusion activity that is increased once 
it is concentrated in virus particles or that it has a low 
level activity that is sufficient to mediate viral entry. 
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SUMMARY 

This review presents experimental, preclinical and clinical data illustrating the multiple uses of 
recombinant non-replicating virus vectors in the fields of immunoprophylaxis and gene therapy. 



INTRODUCTION 

A variety of non-replicating virus vectors have been 
developed for vaccine and gene therapy applications. 
This review will focus on the development of three 
virus vectors, poxviruses, adenoviruses and retro- 
viruses, and will discuss some of the recent advances 
made with these vectors in the fields of vaccine 
immunoprophylaxis and gene therapy. 

POXVIRUSES 

On 26 October 1979, the World Health Organization 
announced that smallpox had been eradicated. This 
monumental achievement was made possible by the 
immunization of much of the world's population with 
vaccinia virus, a virus antigenically similar to variola 
virus, the epizootic agent of smallpox. The success of 
this vaccine prompted the development of poxviruses 
as recombinant expression vectors [1, 2], Poxviruses 
are very large, double-stranded DNA viruses. In- 
dividual species can either have a very broad or very 
restricted host range. For example, vaccinia virus can 
replicate in a number of vertebrate species, whilst 
variola virus only replicates in man; a characteristic 
that facilitated the eradication of smallpox. 

The nucleotide sequence of the Copenhagen strain 
of vaccinia virus has been determined [3]. The genome 
is approximately 191 kb and encodes 198 major open 
reading frames (ORFs). Large regions ( > 47 kb) of 
the genome are non-essential for replication in vitro 
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[4]. In addition, large amounts of heterologous DNA 
( > 25 kb) can be cloned into a single recombinant [5]. 
The lack of stringent packaging constraints allows 
multiple foreign genes to be cloned into the poxvirus 
genome. 

Poxviruses, unlike other DNA viruses, replicate in 
the cytoplasm of the infected cell. Consequently, 
enzymatic functions involved in transcription and 
replication must be supplied by the virus. This has 
several consequences regarding the use of these viruses 
as expression vectors. For example, eucaryotic pro- 
moters are not efficiently recognized by the poxvirus 
transcriptional machinery. Therefore, poxvirus pro- 
moters must be used for efficient transcription of 
recombinant genes. In addition, poxvirus transcripts 
are not spliced. Therefore, genetic material cloned 
into poxviruses must be in a cDNA rather than a 
genomic form. Finally, due to the large size and non- 
infectious nature of poxvirus DNA, foreign genes are 
cloned into poxviruses by in vivo recombination [1]. 

Vaccines 

Numerous examples have been reported in which 
immunization with a vaccinia virus recombinant 
expressing an immunogenic antigen of a particular 
pathogen has protected target species against a 
subsequent challenge with the corresponding patho- 
gen. For example, oral administration of a vaccinia 
virus recombinant expressing the rabies glycoprotein 
has protected foxes and raccoons against rabies [6, 7]. 
In addition, distribution of a vaccinia virus-rabies 
glycoprotein recombinant, RABORAL, has drama ti- 
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cally decreased the incidence of rabid foxes and 
raccoons in European and North American field trials 
[8, 9]. Vaccinia virus recombinants have also protected 
target species against vesicular stomatitis, canine 
distemper, rinderpest, pseudorabies and Venezuelean 
equine encephalitis [10-14]. Therefore, vaccinia virus 
recombinants are effective against a variety of in- 
fectious diseases. 

Smallpox vaccination was responsible for a small 
number of vaccine-related complications. Not surpri- 
singly, some complications (e.g., encephalitis and 
progressive vaccinia infection) were associated with 
the age and immunological status of the vaccinee. 
Different incidences of complications were also asso- 
ciated with different strains of vaccinia virus. For 
example, in the Netherlands, complications appeared 
in approximately 1 /4000 primary vaccinees, whilst in 
the US, where a different strain was used, compli- 
cations arose in approximately 1/250000 vaccinees 
[15]. 

In response to these safety concerns, highly atten- 
uated vaccinia virus strains have been generated. 
There is evidence, however, that the genetic back- 
ground of a vaccinia vector can affect the potency of 
a subsequent recombinant. For example, a vaccinia 
virus (WR strain) recombinant expressing the Epstein- 
Barr virus (EBV) gp340 envelope glycoprotein pro- 
tected cottontop tamarins against an EBV challenge, 
whereas another vaccinia virus (Wyeth vaccine strain) 
recombinant expressing the same antigen was unable 
to protect tamarins against an identical challenge [16]. 
Therefore, there is a need for safe, but yet efficacious 
poxvirus vectors. 

NYVAC 

NYVAC is a highly attenuated poxvirus vector. It was 
derived from the Copenhagen strain of vaccinia virus 
by the precise deletion of 18 ORFs [17]. Many of these 
ORFs encode functions implicated in the patho- 
genicity and host range/replication of vaccinia virus. 
Consequently, NYVAC does not produce detectable 
ulceration or induration at the site of inoculation, has 
negligible pathogenicity in newborn and immunocom- 
promized mice and, while retaining the ability to 
replicate efficiently in primary chick embryo fibro- 
blasts, has a dramatically reduced replicative capacity 
in murine, porcine, equine and human tissue culture 
cells. 

Despite these highly attenuated properties, 
NYVAC remains an efficacious vaccine vector. In a 



Table 1. Comparative efficacy of VV-RG, ALVAC- 
RG and NYVAC-RG in mice 



Recombinant 


PD * 


W-RG 


3-74 


ALVAC-RG 


3*86 


NYVAC-RG 


3-70 



* Four to 6-week-old mice were inoculated with 2 0-8 0 
log 10 tissue culture infection dose 50 % (TCID 50 ) of VV-RG, 
ALVAC-RG or NYVAC-RG. At day 14, the mice were 
challenged intracranial^ with 15 lethal dose 50% (LD 60 ) of 
rabies virus. At day 28, the surviving mice were counted and 
a PD 50 was calculated. (Modified from ref. 17). 

rabies challenge study [17], a NYVAC-rabies gly- 
coprotein recombinant (NYVAC-RG) had a virtually 
identical 50% protective dose (PD 50 ) value as a 
replication-competent thymidine kinase deficient vac- 
cinia virus-rabies glycoprotein recombinant (VV-RG) 
(Table 1). 

NYVAC recombinants have also protected target 
species against infectious challenges. A NYVAC 
recombinant expressing the preM and envelope 
proteins of Japanese encephalitis virus (JEV) pro- 
tected pigs against JEV [18], a recombinant expressing 
the type Al and type A2 haemagglutinin (HA) 
glycoproteins of equine influenza virus (E1V) pro- 
tected horses against EIV [19] and recombinants 
expressing the gB or gD glycoproteins of pseudorabies 
virus (PRV) protected pigs against PRV [20]. These 
studies indicate that NYVAC retains the immuno- 
genicity and potency of a replication-competent 
vaccinia virus vector, and therefore represents a safer 
alternative to existing vaccinia strains. 

Avipoxviruses 

Other poxviruses are also being developed as 
vaccine vectors. For example, immunization with a 
raccoonpox recombinant expressing the rabies gly- 
coprotein protected raccoons against rabies [21]. In 
addition, fowlpox recombinants expressing the in- 
fluenza virus HA and nucleocapsid proteins, the 
Marek's disease virus (MDV) gB glycoprotein or the 
Newcastle disease virus (NDV) fusion or HA glyco- 
proteins protected chickens against influenza, MDV 
and NDV, respectively [22-25]. In the above examples, 
the raccoonpox and fowlpox vectors were used in the 
natural host for these viruses. The fowlpox vector, 
however, has also been used in animals which are not 
its natural host. For example, a fowlpox recombinant 



expressing the rabies glycoprotein has protected mice, 
cats and dogs against rabies [26]. 

Fowlpox virus is the prototypic member of the 
genus Avipoxvirus. An attenuated strain of fowlpox 
has been used as a vaccine since the 1920s to control 
fowlpox in poultry. During this time, there have been 
no reports of transmission to non-avian species. 
Avipoxviruses do not replicate in non-avian species 
and can therefore be regarded as naturally attenuated 
for them. Although infectious particles are not 
produced, some viral proteins and foreign proteins 
under the control of appropriate promoters can be 
expressed in non-avian cells. These vectors are, 
therefore, attractive vaccine vectors in mammalian, as 
well as avian, species. 

ALVAC. The fowlpox-rabies glycoprotein recom- 
binant was not as potent as a replication-competent 
vaccinia-rabies glycoprotein recombinant (VV-RG). 
However, a replication-restricted canarypox-rabies 
glycoprotein recombinant (ALVAC-RG) was as effi- 
cacious as VV-RG. In fact, in a rabies challenge study 
[17], ALVAC-RG had a virtually identical PD 50 value 
to VV-RG (Table 1). The reasons for the difference in 
potency of the two avipoxvirus recombinants are not 
immediately obvious. 

A plaque-cloned isolate of an attenuated canarypox 
vaccine strain has been designated ALVAC [17]. As 
expected, ALVAC has a highly attenuated phenotype, 
and similar to NYVAC, exhibits negligible patho- 
genicity in newborn and immunocompromized mice 
[17]. 

Although canarypox virus does not replicate in 
mammalian species, an ALVAC recombinant can be 
as potent in mammalian target species as a comparable 
replication-competent vaccinia virus recombinant. 
For example, dogs immunized with an ALVAC 
recombinant expressing the measles virus HA gly- 
coprotein generated equivalent neutralizing antibody 
tit res and were as resistant to CDV challenge as 
dogs immunized with a replication-competent vaccinia 
virus-measles HA recombinant [1 1]. 

ALVAC recombinants have also protected other 
mammalian target species against infectious agents. 
For example, ALVAC-RG protected dogs and cats 
against rabies [27], an ALVAC recombinant ex- 
pressing the EIV type Al and type A2 HA glyco- 
proteins protected horses against EIV [28] and an 
ALVAC recombinant expressing the feline leukaemia 
virus (FeLV) gag and env proteins protected cats 
against FeLV [29]. 
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Immune responses generated by NYVAC or 
ALVAC recombinants 

Although avipoxvirus recombinants do not replicate 
in non-avian species, de novo synthesis of the 
recombinant protein is necessary to induce an immune 
response against the recombinant protein. Animals 
inoculated with a fowlpox recombinant expressing the 
rabies glycoprotein produced antibodies against 
rabies. However, animals inoculated with an inac- 
tivated fowlpox-rabies glycoprotein recombinant pro- 
duced antibodies against the fowlpox vector, but not 
against rabies. Therefore, the rabies-specific immune 
response elicited by this recombinant was induced by 
the rabies protein expressed de novo in the infected cell 
and not by the rabies protein introduced with the 
inoculated virus [26]. 

Humoral immunity. Although there are exceptions (see 
below), most ALVAC and NYVAC recombinants 
elicit a strong humoral response against the recom- 
binant antigen [11, 18, 20, 26, 30]. In fact, NYVAC 
and ALVAC recombinants can elicit neutralizing 
antibody titres equivalent to a comparable replication- 
competent vaccinia virus recombinant [11, 18]. 

Cell-mediated immunity. Although ALVAC and 
NYVAC have a restricted or debilitated replicative 
capacity in mammalian cells, recombinants generated 
from these vectors can elicit cytotoxic T-lymphocytes 
(CTLs) in humans [31]. Data from Phase I clinical 
trials indicate that some individuals inoculated with 
an ALVAC recombinant expressing the human 
immunodeficiency virus type 1 MN (HIV1 MN ) envelope 
glycoprotein and many individuals inoculated with 
the ALVAC-HIV1 MN envelope glycoprotein recom- 
binant and boosted with HIV1 gpl60 or gpl20 subunit 
protein generated CD8 + CTLs [31, 32]. Furthermore, 
the protocol of priming with an ALVAC recombinant 
and boosting with a subunit protein consistently 
allowed the demonstration of circulating CTLs in a 
higher percentage of individuals than protocols with 
the subunit preparation alone [32]. These results 
indicate that immunization with a non-replicating 
poxvirus vector, either alone or as part of a prime- 
boost regime, can elicit CTLs in humans. 

Correlates of protection. Immunization with an 
ALVAC recombinant expressing the FeLV gag and 
env proteins protected all 6/6 cats against an FeLV 
challenge. Immunization with an ALVAC recom- 
binant expressing the FeLV gag protein and a form 
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of env from which the putative immunosuppressive 
region had been deleted protected 3/6 cats. Serological 
analyses indicated that none of the 12 immunized cats 
had detectable titres of FeLV neutralizing antibodies 
prior to challenge. However, whereas all the protected 
cats generated neutralizing antibodies 9-12 weeks 
after challenge, none of the cats that became infected 
developed neutralizing antibodies, even after chal- 
lenge. Therefore, protection against FeLV was in- 
duced without detectable neutralizing antibodies at 
the time of challenge [29]. These results suggest that 
protection may be associated with a primed immune 
response that was quickly recalled upon challenge. Of 
course, the role of cell-mediated immunity may also 
be of critical importance. 

ALVAC recombinants have also protected other 
species against infectious agents despite the lack of 
detectable neutralizing antibodies at the time of 
challenge. For example, dogs inoculated with an 
ALVAC recombinant expressing the measles virus 
fusion glycoprotein survived a lethal CDV challenge 
despite having no detectable CDV-specific neutral- 
izing antibodies [1 1], In addition, 11/12 dogs resisted 
a rabies challenge 36 months after being inoculated 
with ALVAC-RG, even though rabies-specific neutral- 
izing antibody titres were not detectable at the time of 
challenge [33]. Therefore, in three separate studies, 
protective immunity was induced even though neutral- 
izing antibodies were not detectable at the time of 
challenge. The latter study also indicates that an 
ALVAC recombinant can induce long-lasting im- 
munity. 

Safety. The attenuated characteristics of N YVAC and 
ALVAC in cell culture and laboratory animals suggest 
that these vectors are safe. However, the safety of each 
candidate vaccine must be evaluated empirically. To 
date, three N YVAC recombinants and seven ALVAC 
recombinants have been evaluated in humans. Apart 
from minor local reactions, there have been no serious 
side-effects [30,31,34]. Therefore, NYVAC and 
ALVAC appear to be safe and well tolerated in 
humans. 

Effect of prior exposure to poxvirus vectors. Much of 
the world's population has been exposed to vaccinia 
virus. Therefore, the efficacy of poxvirus-based recom- 
binants, and in particular, vaccinia virus-based recom- 
binants must be evaluated in vaccinia-immune, as well 
as vaccinia-naive individuals. Data from a Phase I 
clinical trial indicated that immunization with 



HIVAC-le, a replication-competent vaccinia virus 
recombinant expressing the HIV1 IIIB envelope gly- 
coprotein, elicited stronger HI VI -specific antibody 
and lymphoproliferative responses in vaccinia-naive 
individuals than vaccinia-immune individuals [35], On 
the other hand, the rabies- or HIVl-specific immune 
responses elicited by ALVAC recombinants express- 
ing either rabies or HIV1 MN envelope glycoproteins 
were equivalent in both vaccinia-naive and vaccinia- 
immune individuals [30, 32]. Therefore, prior exposure 
to vaccinia virus does not appear to effect the ability 
of ALVAC recombinants to elicit a primary and/or 
anamnestic immune response. This question is also 
being addressed with NYVAC recombinants in 
ongoing clinical studies. 

Interference from maternal immunity. One problem 
encountered when vaccinating very young individuals 
is interference from maternal antibodies. For example, 
vaccination of children less than 12 months old with 
attenuated measles vaccine does not consistently 
produce protective immunity and can impair suc- 
cessful revaccination as measured by the induction of 
antibody. In developed countries, where the risk of 
being exposed to measles virus is low, children are 
usually vaccinated at 15 months when maternal 
antibody levels have waned. In developing countries, 
however, where the risk of measles virus is much 
higher, there is a critical window of susceptibility 
when maternal antibody is too low to be protective, 
but yet too high to allow successful vaccination. 

To determine whether an ALVAC recombinant 
could elicit a protective immune response in the 
presence of maternal antibodies, a rabies challenge 
study was done in newborn puppies. To ensure that 
the newborns had high levels of maternal antibodies, 
immune pregnant bitches were boosted with inac- 
tivated rabies vaccine 2 weeks before giving birth. 
Four weeks later, pups with high levels of rabies 
antibodies were vaccinated with ALVAC-RG. No 
significant increase in rabies antibodies were observed. 
At 3 months, when maternal antibody had waned, the 
pups were challenged with rabies virus. All four dogs 
vaccinated with a high dose of ALVAC-RG and 2/4 
dogs vaccinated with a low dose of ALVAC-RG 
survived, whereas 0/4 unvaccinated dogs survived 
[33]. These results indicate that an ALVAC recom- 
binant can elicit protective immunity in the presence 
of high levels of maternally-derived antibodies. 

Mucosal immunity. Many pathogens infect a host via 
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Table 2. Protective non-replicating poxvirus 
recombinants 



Pathogen 


Strain 


Target 
species 


Canine distemper virus 


ALVAC 


Dogs 


Equine influenza virus 


NY VAC 


Horses 


Equine influenza virus 


ALVAC 


Horses 


Feline leukemia virus 


ALVAC 


Cats 


Japanese encephalitis virus 


NY VAC 


Pigs 


Pseudorabies virus 


NYVAC 


Pigs 


Rabies virus 


ALVAC 


Dogs 


Rabies virus 


ALVAC 


Cats 



a mucosal surface. Therefore, mucosal immunity is an 
important component of a protective immune re- 
sponse. Parenteral administration of NYVAC or 
ALVAC recombinants can protect target species 
individuals against a mucosal challenge. An ALVAC- 
FeLV gag j em recombinant protected cats against an 
oronasal FeLV challenge, an ALVAC-measles HA 
recombinant protected dogs against an intranasal 
CDV challenge, NYVAC-PRV gB and NYVAC-PRV 
gD recombinants protected pigs against an oronasal 
PRV challenge and an ALVAC-EI V HA recombinant 
and a NYVAC-EIV HA recombinant protected 
horses against a natural EIV infection, which is 
assumed to have been transmitted via the oronasal 
route [11, 19, 20, 29]. 

Use of poxviruses in immunotherapy/gene therapy 

Cancer 

Non-replicating poxvirus recombinants have been 
used prophylactically to vaccinate animals against a 
variety of infectious agents (Table 2). Poxvirus vectors 
can also be used in a variety of immunotherapeutic 
protocols to induce or potentiate immune responses 
against tumours or infectious agents. For example, 
many tumours express tumour-associated antigens 
(TAAs) that can act as immunological targets. 
Unfortunately, the immune response against TAAs is 
usually weak or non-existent. However, expression of 
a TAA in the context of a biological response modifier 
(BRM) could potentially increase the immunogenicity 
of that TAA. Therefore, parenteral or intratumoural 
inoculation with a poxvirus recombinant co-express- 
ing BRMs (e.g., cytokines, B7-1, B7-2) and a TAA 
from a patient's tumour may induce an immune 
response capable of controlling or preventing the 
growth of the patient's tumour. 



Systemic administration of BRMs, such as IL-2, 
have resulted in clinically significant tumour regres- 
sion (36], Unfortunately, toxicity associated with the 
systemic administration of high doses of BRMs, such 
as IL-2, has limited the utility of cytokine treatments. 
To circumvent these problems, the potential delivery 
of efficacious, nontoxic levels of cytokines via a viral 
vector has been investigated. Poxvirus vectors could 
therefore be used as part of a cell-based immuno- 
therapeutic protocol in which tumour cells or tumour 
infiltrating lymphocytes (TILs) are infected with a 
poxvirus-TAA/BRM recombinant ex vivo and then 
reintroduced into the patient. 

Expression of BRMs in tumour cells has increased 
the immunogenicity of weakly immunogenic TAAs. 
Mice injected with a mixture of uninfected murine 
colonic adenocarcinoma cells (MC38) and MC38 cells 
infected with a replication-competent vaccinia virus 
recombinant expressing the murine T-cell co- 
stimulatory molecules, B7-1 or B7-2, did not develop 
tumours, whereas mice injected with MC38 cells or a 
mixture of uninfected and vaccinia virus-infected 
MC38 cells did develop tumours. Furthermore, when 
the protected mice were rechallenged on the opposite 
flank with uninfected MC38 cells 40 days after the 
initial challenge, tumour formation was significantly 
delayed and the growth rate of the tumour sub- 
stantially reduced [37]. 

Similar studies have also been performed with 
mouse bladder tumour cells (MBT-2). Mice injected 
with a mixture of uninfected MBT-2 cells and MBT- 
2 cells infected with ALVAC recombinants expressing 
GM-CSF, IL-12 or TNF-a did not develop tumours, 
whereas tumours did develop in mice injected with a 
mixture of uninfected and ALVAC-infected MBT-2 
cells. In addition, 80% of the mice injected with a 
mixture of uninfected MBT-2 cells and ALVAC-IL-2- 
infected MBT-2 cells did not develop tumours. 
Furthermore, tumour-specific cytolytic activity was 
observed in mice injected with ALVAC-IL-2-infected 
MBT-2 cells (Rao et al., unpublished results). These 
two studies indicate that expression of a BRM in a 
tumour cell via a poxvirus recombinant can prime a 
tumour-specific immune response capable of rejecting 
or delaying tumour formation. 

Poxvirus vectors have also been used to stimulate 
and expand tumour-specific CTLs/TILs ex vivo. 
Peripheral blood mononuclear cells (PBMCs) were 
isolated from a cancer patient with no detectable 
tumour-specific CTL activity. The PBMCs were 
infected with an ALVAC-MAGE-1 recombinant and 
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used in vitro to stimulate TILs isolated from a tumour 
from the same patient. (MAGE-1 is a human TAA 
[38].) After amplification, MAGE-1 -specific CTL 
activity was identified [39]. Therefore, an ALVAC- 
TAA recombinant was able to stimulate and expand 
TAA-specific CTLs from a cancer patient with no 
prior detectable TAA-specific cytolytic activity. 

Infectious agents 

ALVAC and NYVAC recombinants have also been 
used to stimulate and expand HIV1 envelope-specific 
CTLs from HIV 1 -seropositive individuals with un- 
detectable or low levels of envelope-specific CTL 
activity. PBMCs from HIV 1 -seropositive individuals 
were infected with an ALV AC-HI VI envelope recom- 
binant or a NYVAC-HIV1 envelope recombinant. 
The infected cells were then used to stimulate in vitro 
uninfected PBMCs from the same individual. Follow- 
ing this procedure, the stimulated PBMCs had a 
high level of envelope-specific CD8+ cytolytic 
activity. Furthermore, the cytolytic activity of these 
cultures was higher than that of a culture stimulated 
with a replication-competent vaccinia virus-HIVl 
envelope recombinant [40]. Therefore, ALVAC and 
NYVAC recombinants can be used to preferentially 
stimulate and expand specific CTL populations ex 
vivo, which could then be reintroduced into the donor 
to hopefully provide a therapeutic benefit. 

ADENOVIRUSES 

Adenoviruses are relatively large (30-40 kb) double- 
stranded DNA viruses. Individual members have been 
isolated from numerous mammalian and avian 
species. Clinical symptoms associated with adenovirus 
infection depend on the serotype, but are usually mild 
and rarely life-threatening. An attenuated adenovirus 
type 4 and type 7 vaccine has been used by the US 
military for the past 30 years to prevent respiratory 
disease in recruits. Attenuated veterinary vaccines are 
also used to protect against adeno virus-associated 
disease. The success of these vaccines has prompted 
the development of adenoviruses as recombinant 
vectors [41]. 

Adenoviruses have many properties advantageous 
for a potential vector. They are easily grown and 
concentrated to high titres. They can infect a broad 
spectrum of cells, including epithelial, liver and lung 
cells. Adenovirus recombinants can be easily gener- 
ated using plasmids containing viral DNA [42]. In 
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Fig. 1. Recombinant adenovirus vector system. (A) Tran- 
scription map of a typical adenovirus. Early (E) and late (L) 
transcripts, encoding the adenovirus non-structural and 
structural proteins are represented by arrows. Each tran- 
scription unit gives rise to a family of mRNAs via differential 
splicing events. The early genes have individual promoters. 
The late genes are transcribed from a single late promoter 
(P-L). The inverted terminal repeats (ITR) contain the 
regulatory sequences necessary for replication and genomic 
encapsidation. (B) Typical helper-free, replication-defective 
adenovirus vector. The foreign gene is cloned into the El 
region under the transcriptional control of an internal 
promoter (P). To increase cloning capacity, the E3 region 
has been deleted. (C) Adenovirus packaging cell line. 
Helper-free, replication-defective adenovirus recombinants 
are propagated in 293 cells, which express the EI region 
consututively. (Modified from ref. 87). 

addition, adenoviruses replicate in the nucleus of the 
infected cell. Therefore, expression of foreign genes 
can utilize eucaryotic promoters, such as the adeno- 
virus El a promoter, the cytomegalovirus (CMV) 
immediate early promoter or the Rous sarcoma virus 
(RSV) LTR promoter [43-45]. Furthermore, adeno- 
virus vaccines can be administered either orally, in an 
enteric-coated capsule, or intramuscularly. 

Three types of adenovirus recombinants can be 
generated; (1) replication-competent; (2) helper-free, 
replication-defective and (3) helper-dependent, 
replication-defective. The type of adenovirus recom- 
binant generated depends on the insertion locus used 
to generate the recombinant and the adenovirus 
sequence retained in the subsequent virus. For 
example, insertion of exogenous sequence into the 
non-essential E3 region results in the generation of a 
replication-competent recombinant virus (Fig. 1A). 
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On the other hand, insertion into the essential El 
region results in the generation of a helper-free, 
replication-defective recombinant (Fig. 1 B) that can 
be propagated in a cell line (293) that expresses the El 
gene products (Fig. 1 C). Deletion of large amounts 
of adenovirus DNA results in the generation of a 
helper-dependent, replication-defective recombinant. 
Propagation of helper-dependent, replication-defec- 
tive recombinants requires the presence of a helper 
adenovirus to supply the viral structural and en- 
zymatic functions lacking in the recombinant [41]. 

The amount of foreign DNA that can be packaged 
into an adenovirus recombinant depends on the type 
of recombinant desired. An adenovirus capsid can 
package DNA equivalent to 105% of a typical 
adenovirus genome. The packaging capacity, how- 
ever, can be increased by deleting various regions of 
the adenovirus genome. For example, a replication- 
competent recombinant from which the non-essential 
E3 and E4 regions are deleted can contain 5-6 kb of 
foreign DNA. On the other hand, a helper-free, 
replication-defective adenovirus recombinant from 
which the non-essential E3 and E4 regions and the 
essential El region are deleted can contain 7-8 kb of 
foreign DNA. Of course, by deleting the whole 
adenovirus genome except the inverted repeats and 
packaging signal sequence, more than 30 kb of foreign 
DNA can be inserted into a helper-dependent, 
replication-defective recombinant [41]. 



Vaccines 

Immunization with adenovirus recombinants can 
protect individuals against a subsequent infectious 
challenge. Forexample,areplication-competentadeno- 
virus type 5 (Ad5) recombinant expressing the spike 
or nucleocapsid proteins of mouse hepatitis virus 
(MHV) protected mice against MHV [46] and a 
replication-competent Ad 5 recombinant expressing 
the rabies glycoprotein protected mice against rabies 
[47]. 

However, adenovirus vectors do have potential 
disadvantages. For example, like other live viral 
vectors, they may cause disseminated disease in 
immunocompromized individuals [48]. Adenoviruses 
may also be excreted by oro-faecal and respiratory 
routes for months or years following infection. In fact, 
horizontal transmission of the adenovirus type 4 
vaccine has been observed between married couples 
[49] and between vaccinated children and family 



members [50]. In addition, cotton rats inoculated 
intranasally with an Ad5 recombinant containing a 
deletion in the E3 region exhibited an increased 
pulmonary inflammatory response compared to mice 
inoculated with wild-type virus [51]. On the other 
hand, oral administration of chimpanzees and humans 
with other Ad5 recombinants containing an E3 
deletion did not induce an increased inflammatory 
response [52, 53]. 

The diffusion of replication-deficient adenoviruses 
is very low. Therefore, in the hope of developing a 
safer vector, replication-defective adenoviruses have 
been evaluated as potential recombinant vaccine 
vectors. Inoculation with a replication-defective adeno- 
virus recombinant expressing the EBV envelope 
glycoprotein protected cottontop tamarins against 
EBV [54]. In addition, immunization with a repli- 
cation-defective adenovirus recombinant expressing 
the PRV gD envelope glycoprotein protected cotton 
rats against a PRV challenge. However, the protective 
dose of the replication-defective adenovirus-PRV gD 
recombinant was 1000X higher than that of a 
replication-competent adenovirus-PRV gD recom- 
binant [55]. Therefore, in this model system, the 
potency of an adenovirus recombinant was adversely 
affected by the replicative capacity of the vector. 

Immunotherapy/gene therapy 

Classical genetic diseases 

Helper-free, replication-defective adenoviruses have 
many properties theoretically useful for gene therapy 
[41]. In particular, adenovirus recombinants can 
efficiently transduce non-dividing cells in vivo. There- 
fore, since many potential targets for gene therapy are 
tissues that are either slow growing, terminally 
differentiated or difficult to remove and reimplant, 
adenoviruses are attractive vectors. On the other 
hand, adenovirus vectors do have some disadvantages 
for gene therapy. For example, since the adenovirus 
genome does not integrate into the chromosome of 
the transduced cell, the vector is eventually lost as cell 
division proceeds. 

Cystic fibrosis (CF) is a hereditary disorder caused 
by mutations in the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene. Although muta- 
tions in CFTR cause a variety of abnormalities, the 
most severe is chronic mucus production and resulting 
infection at the epithelial surface of the lung. The 
complexity of the lung does not allow dissection and 
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Fig. 2. Recombinant retrovirus vector system. (A) 
Replication-competent retrovirus genome. GAG encodes 
the capsid proteins, POL encodes the reverse transcriptase 
and integrase proteins and ENV encodes the envelope gly- 
coprotein. The long terminal repeat (LTR) contains regu- 
latory sequences, such as a promoter and transcription 
termination sequence. *¥ + represents the packaging signal 
sequence. (B) Typical replication-defective, double- 
expression retrovirus vector. The foreign gene is under the 
transcriptional control of the LTR promoter. The selectable 
marker gene (NEO) is under the transcriptional control of 
an internal promoter (P). (C) Retrovirus packaging cell line. 
Retrovirus recombinants are propagated in a cell line that 
expresses the GAG, POL and ENV gene products. *F~ 
indicates that the packaging signal sequence has been 
deleted. PolyA represents a polyadenylation signal sequence. 
(Modified from ref. 87). 

reimplantation of genetically engineered lung cells. 
Furthermore, most of the epithelial cells on the lung 
surface are terminally differentiated. Therefore, recons- 
titution of pulmonary function via gene therapy must 
be accomplished with a vector that can transduce non- 
replicating ceils in vivo. 

Helper-free, replication-defective adenovirus recom- 
binants expressing the CFTR gene have been inocu- 
lated directly into the airway of numerous species, 
including humans [43, 56, 57]. In each case, successful 
gene transfer was observed. However, expression of 
CFTR was transient and loss of expression associated 
with pulmonary inflammation. In a recent clinical 
trial [58], an adenovirus-CFTR recombinant was 
administered at four different doses to the nasal 
epithelium of 12 CF patients. The CFTR gene was 
detected in 4/6 patients receiving the higher doses and 



1 /6 patients receiving the lower doses. The percentage 
of transduced cells, however, was very low (< 1 %). 
Furthermore, analysis of the epithelium revealed no 
functional restoration of CFTR activity. In addition, 
although toxicity was not observed in patients 
receiving the lower doses, mucosal inflammation was 
observed in 2/3 patients receiving the highest dose. 
Therefore, in this study, administration of an 
adenovirus-CFTR recombinant to the nasal epithe- 
lium of CF patients did not restore CFTR activity and 
resulted in mucosal inflammation. 

Haemophilia B is a hereditary disorder caused by a 
deficiency of blood coagulation factor IX. This disease 
affects approximately 1 /30000 Caucasian males and 
results in episodes of severe bleeding. Although 
numerous tissues have been targeted for factor IX 
gene therapy [59-61], the liver, being the normal site 
of factor IX synthesis, represents the most natural 
target. 

Injection of a helper-free, replication-defective 
adenovirus-canine factor IX recombinant into the 
portal vein of haemophilic dogs resulted in the 
transduction of a significant percentage of liver cells. 
In fact, plasma levels of factor IX increased from 0 to 
300 % of normal levels and resulted in the complete 
amelioration of symptoms. Unfortunately, expression 
of factor IX was transient. Levels started to decline 
after 2 days and after 1-2 months had fallen below 
therapeutic levels [44]. 

The results observed in the CFTR and factor IX 
studies are not unique. In most instances, the use of 
helper-free, replication-defective adenovirus recom- 
binants resulted in transient expression of the trans- 
duced gene and pathology of the target organ. Stable 
expression of recombinant adenovirus- transduced 
genes has only been observed in newborn mice [62], 
immunodeficient or immunocompromized animals 
[44] or immunoprivileged organs, such as the retina 
[63]. These results suggest that the immune system is 
involved in the inability to establish long-term 
expression of recombinant adenovirus- transduced 
genes. 

Helper-free, replication-defective adenoviruses ex- 
press viral proteins in non-293 cells when infected at 
high multiplicities of infection [64]. Viral-specific class 
I-restricted CTLs have also been shown to mediate the 
destruction of hepatocytes transduced with helper- 
free, replication-defective adenovirus recombinants 
[65]. Therefore, it appears that the expression of viral 
proteins in recombinant adenovirus-transduced cells 
trigger an immune response against the transduced 



cells that is responsible for the transient expression 
and pathology observed with these vectors. 

In order to minimize viral expression and prolong 
expression of transduced genes, second generation 
adenovirus vectors containing mutations in E2a and 
El have been constructed. Although deletion of these 
genes did not completely abolish viral expression, 
animals inoculated with recombinants made from 
these vectors exhibited less inflammation and longer 
expression of the transduced gene than animals 
inoculated with E2a + recombinants [66,67]. There- 
fore, improvements may eventually overcome the 
problems associated with adenovirus vectors. 

Cancer 

Adenovirus vectors can also be used to potentiate an 
immune response against tumour cells. Expression of 
BRMs in tumour cells via an adenovirus vector can 
induce a tumour-specific immune response capable of 
suppressing tumour growth. For example, most of the 
mice injected with mouse mastocytoma cells (P815) 
infected with a helper-free, replication-defective adeno- 
virus recombinant expressing murine IL2 did not 
develop tumours, whereas mice injected with unin- 
fected P815 cells did develop tumours. Furthermore, 
the protected mice did not develop tumours when 
rechallenged with uninfected P815 cells [68], These 
results indicate that tumour cells infected with an 
adenovirus- BRM recombinant primed a tumour- 
specific immune response capable of suppressing 
tumour formation. 

This form of immunotherapy has also been shown 
to be efficacious against established tumours. Up to 
75% of mice injected with the adenovirus-IL-2 
recombinant directly into an established P8 15 tumour 
cleared the tumour. Furthermore, the protected mice 
did not develop tumours when rechallenged with 
uninfected P815 cells [69]. Therefore, intratumoural 
injection of an adenovims-BRM recombinant elicited 
an immune response capable of clearing an established 
tumour. 

RETROVIRUSES 

Retroviruses are a family of single-stranded RNA 
viruses. During the life cycle of these viruses, the 
normal flow of genetic information, from DNA to 
RNA, is reversed. Following infection, the single- 
stranded RNA genome of retroviruses is converted to 
double-stranded DNA by a retro virus-encoded re- 
verse transcriptase. The double-stranded DNA is then 
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incorporated into the host cell chromosome by a 
retrovirus-encoded integrase. The ability to insert 
DNA into the genome of infected cells makes 
retroviruses ideal eucaryotic expression vectors [70]. 

The genomic organization of a simple retrovirus is 
shown in Fig. 2 A. The gag gene encodes the core 
structural proteins, the pol gene encodes the reverse 
transcriptase and integrase proteins and the env gene 
encodes the outer membrane envelope glycoprotein. 
These genes are flanked by long terminal repeats 
(LTRs) which contain numerous regulatory sequen- 
ces, including a promoter. 

The generation of retrovirus recombinants can be 
divided into two components; the retrovirus vector 
(Fig. 2B) and the retrovirus packaging cell line (Fig. 
2C). The retrovirus vector encodes the foreign gene 
product and a packaging signal sequence {\fr\ but does 
not encode any of the enzymatic or structural proteins 
(i.e., gag, pol and env) required for the production of 
infectious particles. The retrovirus packaging cell line, 
on the other hand, encodes the enzymatic and 
structural proteins required for the production of 
infectious particles, but does not contain a packaging 
signal sequence. Recombinant retroviruses are genera- 
ted by transfecting retrovirus packaging cells with 
retrovirus vector DNA [70]. 

Numerous retrovirus vectors have been generated. 
Early vectors contained a packaging signal sequence 
and a single foreign gene. Subsequent vectors were 
designed to (1) allow easy selection of transductants ; 
(2) increase virus production and foreign gene ex- 
pression and (3) decrease the potential of generating a 
replication-competent virus. For example, to allow 
easy selection of transductants, vectors that express 
two foreign genes (one of which is a selectable marker, 
such as neomycin resistance) have been generated. 
Vectors that express two genes can utilize either one 
or two promoters. A single promoter, such as the 
LTR promoter, can express two genes by a differential 
splicing mechanism. The main disadvantage of this 
type of vector is that splicing is not always efficient, 
therefore, expression of the foreign genes is not always 
consistent. A single promoter can also express two 
genes by utilizing an internal ribosome entry site 
(IRES). (An IRES is a sequence isolated from 
picornaviruses that allows cap-independent trans- 
lation [71]). The most common type of double 
expression vector, however, utilizes two promoters 
(Fig. 2B). 

Numerous retrovirus packaging cell lines, express- 
ing avian, murine or primate retrovirus gene products 
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have been generated. Cell lines encoding murine 
retrovirus gene products are the most commonly used 
due to the wide range of cell tropisms of different 
murine retroviruses. For example, for human applica- 
tions, a retrovirus capable, of infecting human cells 
could be used. 

Early packaging cell lines contained a cDNA copy 
of a retrovirus genome with the packaging signal 
sequence deleted. However, since recombination be- 
tween a retrovirus vector containing a packaging 
signal sequence and the retrovirus sequence in the 
packaging cells could result in the production of a 
replication-competent retrovirus, subsequent pack- 
aging cells contain additional modifications. For 
example, the PA3127 packaging cell line contains a 
mutation in the 5' LTR and replaces the 3' LTR with 
the simian virus SV40 polyadenylation signal sequence 
[72]. 

Vaccines 

Very little work has been done to develop retroviruses 
as vaccine vectors. In one study, chickens inoculated 
with a replication-competent RSV recombinant ex- 
pressing the avian influenza HA glycoprotein were 
protected against avian influenza [73]. These results 
indicate that retroviruses could potentially be used as 
recombinant vaccine vectors. 

Immunotherapy /gene therapy 

Classical genetic diseases 

Adenosine deaminase (ADA) deficiency is a very rare 
genetic disease. Individuals with this disease lack a 
functional form of ADA, an enzyme involved in the 
purine salvage pathway. In the absence of ADA, 
deoxyadenosine can accumulate to levels that are 
toxic to certain types of cells, such as T-lymphocytes, 
and results in severe immunosuppression. 

In 1990, ADA deficiency became the first disease to 
be treated by gene therapy [74]. T-cells isolated from 
two ADA patients were transduced with a retrovirus 
recombinant expressing the ADA gene. The trans- 
duced cells were expanded in vitro and transfused 
back into the patients. Four years after treatment 
began and 2 years after treatment was completed, 
> 50% of one patient's circulating T-cells and 0*1-1 % 
of the other patient's T-cells contained the new ADA 
gene [75]. In the 2 years following treatment, the 
number of T-cells containing the new gene remained 
constant, suggesting that the transduced T-cells were 



either long-lived or proliferating. The two individuals 
have also responded positively in in vivo and in vitro 
immunological assays (e.g. DTH skin tests, antibody 
production, IL-2 production and T-cell-mediated 
cytolysis). Although these patients are given routine 
injections of synthetic ADA, these results suggest that 
gene therapy has been beneficial. 

Retrovirus vectors have also been used to deliver 
genes to the liver. When a retrovirus-canine factor IX 
recombinant was injected into the portal vein of 
haemophilic dogs 1-3 days after partial hepatec- 
tomies, low levels of factor IX were expressed for 
more than 5 months, resulting in modest improve- 
ments in blood clotting efficiencies [76]. 

Although encouraging, human applications would 
require greater expression of factor IX. In addition, 
the surgical invasiveness of this protocol is far from 
ideal. Surgical removal of part of the liver is necessary 
because (1) in vivo transduction of liver cells with a 
retrovirus recombinant is very inefficient and (2) ex 
vivo manipulations affect the transplantation capacity 
of explanted hepatocytes [77]. In vivo transduction is 
inefficient because most hepatocytes in the adult liver 
are quiescent and retroviruses can only integrate into 
the genome of actively dividing cells. However, 
following a partial hepatectomy, the remaining liver 
cells actively divide until the liver is fully regenerated. 
Therefore, under these conditions, in vivo transduction 
of liver cells with a retrovirus recombinant can be 
accomplished [78]. 

Efforts to overcome the restricted host-range of 
retrovirus vectors has led to the development of 
pseudotyped retrovirus vectors [79]. Pseudotyped 
retroviruses contain the genome of one virus and the 
envelope protein of another virus. Since the host 
range of these viruses is associated with the envelope 
protein, a pseudotyped retrovirus can have a much 
broader host-range than an unmodified retrovirus. 
For example, a pseudotyped retrovirus (VSV) vector 
has been used to transduce newborn mouse liver cells 
in vivo [80]. These results suggest that continued 
improvements may eventually overcome the inherent 
limitations associated with retrovirus vectors. 

Cancer 

Approximately half of the human gene therapy 
clinical trials have involved cancer. In general, these 
protocols are designed to enhance tumour-specific 
immune responses. The rationale is based on results 
from animal studies in which recombinant retro- 
virus-transduced cells elicit a tumour-specific immune 
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response capable of preventing tumour formation. 
For example, mice inoculated with murine neuro- 
blastoma (CI 300) cells transduced with a retrovirus 
recombinant expressing IFN-y did not develop 
tumours, whereas mice inoculated with non-trans- 
duced C1300 cells did [81]. This protection was 
dependent on the level of IFN-y produced by the 
transduced cells. Mice inoculated with transduced 
CI 300 cells expressing low levels of IFN-y developed 
tumours, whereas mice inoculated with transduced 
CI 300 cells expressing high levels of IFN-y did not. 
Consistent with these results, injection of a mono- 
clonal antibody against IFN-y abrogated the pro- 
tection elicited by the transduced cells. 

The immune response generated by the transduced 
cells was adoptive and tumour-specific. Mice inocu- 
lated with non- transduced CI 300 cells 4-6 weeks after 
clearing the recombinant retro virus-transduced CI 300 
challenge did not develop tumours, whereas mice 
inoculated with murine fibrosarcoma (Sa-1) cells 4-6 
weeks after clearing the recombinant retrovirus- 
transduced C1300 challenge did develop tumours [81]. 

Very similar results were observed in another 
murine system [82]. Mice inoculated with murine 
fibrosarcoma (CMS-5) cells transduced with a 
retrovirus-lL-2 recombinant did not develop tumours, 
whereas tumours did develop in mice inoculated with 
non-transduced CMS-5 cells. Protection was depen- 
dent on the level of IL-2 produced. Mice inoculated 
with transduced CMS-5 cells expressing low levels of 
IL-2 developed tumours, whereas mice inoculated 
with transduced CMS-5 cells expressing high levels of 
IL-2 did not. Furthermore, mice injected with a 
mixture of non-transduced CMS-5 cells and recom- 
binant retrovirus-transduced CMS-5 cells did not 
develop tumours. The protection generated in this 
system is also adoptive and tumour-specific. Mice 
inoculated with non-transduced CMS-5 cells 6 weeks 
after clearing the recombinant retrovirus-transduced 
CMS-5 challenge did not develop tumours, whereas 
tumours did develop in mice inoculated with two 
other murine fibrosarcoma cells. 

In another murine system, mice inoculated with 
murine melanoma (B16) cells transduced with a 
retrovirus recombinant expressing IL-2 did not de- 
velop tumours, whereas mice inoculated with non- 
transduced B16 cells, or B16 cells transduced with 
retrovirus recombinants expressing IL-4, IL-5, IL-6, 
IFN-y, TNF-a, GM-CSF, IL-IRA, ICAM or CD2 
did develop tumours [83]. Furthermore, due to the 
progressively increasing number of cells expressing 
cytokines, mice receiving some of the recombinant 
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retrovirus-transduced cells developed fatal, cytokine- 
related pathologies. 

To avoid the potential dangers associated with 
inoculation of cytokine-producing tumour cells, the 
immunogenicity of irradiated recombinant retrovirus- 
transduced tumour cells was evaluated [83]. All the 
mice inoculated with irradiated B16 cells transduced 
with a retrovirus-GM-CSF recombinant and about 
half the mice inoculated with irradiated B16 cells 
transduced with retro virus-IL-4 or retro virus-IL-6 
recombinants did not develop tumours when chal- 
lenged with non-transduced BI 6 cells 7 days later. On 
the other hand, mice inoculated with irradiated B16 
cells transduced with retrovirus recombinants ex- 
pressing IL-2, IL-5, IFN-y, TNF-a, IL-IRA, ICAM 
or CD2 did develop tumours when challenged with 
non-transduced B16 cells. 

Inoculation with irradiated retro virus-GM-CSF- 
transduced tumour cells also enhanced tumour- 
specific immunity in other murine systems. For 
example, mice inoculated with irradiated colon car- 
cinoma (CT-26) cells, irradiated fibrosarcoma (CMS- 
5) cells or irradiated renal carcinoma (RENCA) cells 
transduced with the retrovirus-GM-CSF recombinant 
did not develop tumours when challenged with non- 
transduced tumour cells 1-3 weeks later. Further- 
more, the protection was long-lasting. Most of the 
mice inoculated with the irradiated retrovirus-GM- 
CSF- transduced B16 cells did not develop tumours 
when challenged with non-transduced B16 cells 
several months later. Protection was mediated by 
CD4-1- and CD8+ T-cells, but not by NK cells. 
Depletion of CD4+ or CD8+ cells abrogated 
protection, whereas depletion of NK cells had little or 
no effect. 

The therapeutic application of recombinant 
retrovirus-transduced tumour cells may be limited by 
the inability to culture and transduce every type of 
tumour. Unlike many tumour cells, fibroblasts are 
easily cultured and transduced. Therefore, the po- 
tential of utilizing transduced fibroblasts to elicit a 
tumour-specific immune response was investigated 
[84]. Mice inoculated with a mixture of CT-26 cells 
and recombinant retrovirus-IL-2- transduced murine 
fibroblasts developed tumours at a lower incidence 
than mice inoculated with CT-26 cells alone. Fur- 
thermore, mice inoculated with a mixture of irradiated 
CT-26 cells and recombinant retrovirus-IL-2- 
transduced fibroblasts 2 weeks before a CT-26 
challenge developed tumours at a lower incidence 
than mice inoculated with irradiated CT-26 cells 
alone. 



mm 



right la w (Titl e 17, U.S. C gde), 



252 K. J. Limbach and E. Paoletti 



Animal studies suggest that this form of immuno- 
therapy may also be effective against preexisting 
tumours. Most of the mice inoculated with irradiated 
recombinant retrovirus-GM-CSF-transduced B 1 6 
cells 3 days after being inoculated with nontransduced 
B16 cells did not develop tumours [83]. In addition, 
about half of the mice multiply inoculated with a 
mixture of irradiated CT-26 cells and recombinant 
retrovirus-IL-2-transduced fibroblasts 3 days after 
being inoculated with CT-26 cells were able to clear a 
visible tumour. On the other hand, mice could not 
clear a tumour when recombinant retrovirus-IL-2- 
transduced fibroblasts were inoculated as close to the 
tumour as possible [84]. 

The results of these studies indicate that the 
production of cytokines in the microenvironment of 
tumour cells via a retrovirus recombinant can enhance 
tumour-specific immunity and potentially prevent 
tumour formation. 



DISCUSSION 

A wide variety of eucaryotic expression vectors have 
been developed. This review has focused on three of 
these vectors; poxviruses, adenoviruses and retro- 
viruses. The biological characteristics of these viruses 
make them more or less suited for different appli- 
cations (Table 3). For example, numerous attenuated 
poxvirus and adenovirus vaccines have been de- 
veloped to control poxvirus and adenovirus diseases 
in humans and domestic animals. The success of these 
vaccines has prompted the development of recom- 
binant poxvirus and adenovirus vaccine vectors. 
However, before these vectors can be universally 
accepted, certain safety issues have to be addressed. 
For example, like all live vaccines, poxvirus and 
adenovirus recombinants have the potential to elicit 
adverse reactions in immunocompromized individuals 
due to the unrestricted growth of the vector. In 
response to these concerns, the efficacy of replication- 
defective vectors has been investigated. 

Two highly attenuated poxvirus vectors, NYVAC 
and ALVAC, have been developed. Recombinants 
generated from these vectors are safe and elicit 
humoral and cell-mediated immune responses capable 
of protecting target species individuals against in- 
fectious agents. In addition, protection studies in- 
dicate that replication-defective poxvirus recom- 
binants can be as efficacious as replication-competent 
poxvirus recombinants. Therefore, NYVAC and 



Table 3. Potential applications of non-replicating 
vectors 



Vector 



Vaccine lmmunotherapy/gene therapy 



Poxviruses -f + / — 

Adenoviruses + / — + 
Retroviruses — + 



Table 4. Relative advantages and disadvantages of 
gene therapy vectors 



Vector 


Advantages 


Disadvantages 


Adenoviruses 


Can transduce 


Transient 




non-replicating 


expression 




cells 






Can transduce 


Toxicity 




cells in vivo 


No genomic 
integration 


Retroviruses 


Genomic 


Can't transduce 




integration 


non-replicating 
cells 
Ex vivo 
transduction 
usually required 



ALVAC represent safer alternatives to previous 
poxvirus vectors. 

A replication-defective adenovirus vaccine vector 
has also been developed. However, one study indi- 
cated that a replication-defective adenovirus recom- 
binant was not as efficacious as a replication- 
competent adenovirus recombinant. Therefore, 
replication-defective adenovirus vaccines may not be 
an alternative to replication-competent adenovirus 
vaccines. 

All of the vectors discussed in this review have some 
application in gene therapy. However, due to the 
biological characteristics of these viruses, different 
vectors have different advantages and disadvantages 
(Table 4). For example, retroviruses cannot integrate 
into the genome of non-dividing cells. Therefore, retro- 
virus vectors cannot transduce terminally differen- 
tiated, non -proliferating cells. In addition, in most 
instances, retrovirus vectors do not efficiently trans- 
duce cells in vivo. Therefore, these vectors are not 
readily amenable to transducing complex organs, such 
as the lung. The inability of retrovirus vectors to be 
used in vivo requires that target cells be removed from 
the body; a procedure that can be unacceptably 
invasive. Therefore, the usefulness of retrovirus 
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vectors are often limited by the cell type to be 
manipulated. 

Adenovirus vectors can transduce non-replicating, 
terminally differentiated cells in vivo. However, due to 
the expression of viral proteins and subsequent 
immune response against adenovirus-transduced cells, 
these vectors are often toxic and expression of the 
recombinant protein transient. 

Although this review has focused on poxvirus, 
adenovirus and retrovirus vectors, numerous other 
viruses, including herpesviruses, picornaviruses, alpha- 
viruses, paramyxoviruses, adeno-associated virus 
(AAV), bovine papilloma virus and hepatitis delta 
virus have been developed as virus vectors. AAV, in 
particular, has several properties advantageous for a 
expression vector. 

AAV is a defective, human parvovirus which can 
infect a broad spectrum of dividing and non-dividing 
cells. Productive replication requires co-infection with 
a helper virus, such as adenovirus or herpes simplex 
virus (HSV). In the absence of helper virus, AAV 
integrates into the host genome, where it persists in 
a latent state until rescued by an adenovirus or HSV 
infection. The ability to integrate into the genome of 
a wide variety of dividing and non-dividing cells 
makes AAV an attractive eucaryotic expression vector 
[85]. In fact, CFTR expression was observed in the 
epithelial cells of a rabbit lung 6 months after being 
inoculated with an AAV-CFTR recombinant [86]. 
Therefore, AAV vectors can successfully transduce 
non-replicating cells in vivo and can promote the long- 
term expression of potentially therapeutic proteins. 
Although these results are very encouraging, the 
packaging systems generating AAV recombinants are 
inefficient and cumbersome. Therefore, more work 
needs to be performed before AAV is a suitable 
vector. 

All of the vectors discussed in this review have 
potential application in immunoprophylaxis and/or 
gene therapy. Hopefully, continued research will allow 
the potential of these vectors to be realized. 
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